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ABSTRACT 
Laboratory work is almost an article of faith amongst science teachers. However the 
research literature reveals conflicting evidence for its effectiveness, particularly in 
relation to the learning of science concepts (Hofstein & Lunetta, 1982; Friedler & 
Tamir, 1992). This has led to questioning of the role of practical work in science 
education and some proposals for change (Woolnough & Allsop, 1985; Millar, 1987; 
Hodson, 1990). Since students usually do practical work in groups, what students do 
in science practical work is strongly influenced by group processes. Reviewers of 
research in both science education (Tobin, 1990) and group work (Cohen, 1994) have 
suggested that more needs to be known about group processes to identify those 
processes linked with learning. 
This study explored in detail the interactions of a highly motivated group of students 
doing traditional science laboratory work designed to illustrate science concepts. The 
group interactions were analysed using a model of collaborative learning (Barnes & 
Todd, 1977) which included certain discourse moves and social skills, together 
considered necessary to support the use of cognitive strategies in a group situation. 
These group processes were described and the effectiveness of the practical work in 
achieving its aim was examined. 
It was found that the students collaborated effectively in constructing an 
understanding of their tasks but during the class· rarely engaged in thinking about the 
concepts the activities were intended to illustrate. This finding supports past science 
education research findings questioning the effectiveness of practical work for 
learning science concepts. A range of factors influencing student learning through 
practical work was identified, including the nature of the task, the teacher's concerns 
and the attitude of the students towards practical work and group work. 
A modified version of the collaborative learning model was found to be useful for 
examining group processes during science practical work. Analysis of group 
processes showed the influence of task structure on discourse, a limited task resulting 
in limited discourse and thus reduced potential for learning in a group situation. 
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CHAPTER ONE 
INTRODUCTION 
For most of this century laboratory work has been an important part of science 
education. It has been considered that in order to learn science students need to do 
experiments or at the very least see experiments being done. How laboratory work 
has been used has varied during this time but that it is a vital part of every student's 
science education has rarely been questioned. As a result of this view, much time and 
money have been invested in providing science laboratories and equipment in schools. 
In current practice, secondary school students spend up to 50% of class time doing 
laboratory work (Woolnough & Alsop, 1985; Denny & Chennell, 1986; Kempa & 
Ayob, 1991). 
Despite the central role of laboratory work in science education, there is no general 
agreement about its effectiveness for learning science concepts. Hofstein and Lunetta 
(1982) reviewed research into the effectiveness of laboratory work in relation to 
science learning and concluded that the results of studies to that time were 
contradictory. Studies over the past decade have not resolved this controversy, with 
many writers questioning the role and use of laboratory work in science education 
(Woolnough & Allsop, 1985; Millar & Driver, 1987; Hodson, 1990). 
Science laboratory work is usually carried out in groups (for practical rather than 
educational reasons) and controversy similarly surrounds the use of group work. 
Whilst many educators have reported glowingly on the benefits of group work, 
particularly in the form of cooperative learning (Johnson & Johnson, 1991; Slavin, 
1990) others have challenged their claims (for example, Davidson, 1984) and even 
advocates of cooperative learning disagree on the conditions necessary to promote 
learning using this approach.Amongst advocates most of the consensus relates to 
benefits in the area of social skills. 
1 
With controversy surrounding the effectiveness of learning both through laboratory 
work and through group work, the learning of science through group practical work 
is a rich area for research. With this richness, however, comes a complexity which 
makes the area a difficult one to study. This is because issues of how students learn 
science in laboratories are interwoven with issues of how students learn in groups. 
Much earlier research into laboratory work and group work has tended to compare 
methods, for example, practical work with bookwork and group work with individual 
work. This has simplified the research but it has not produced consistent results nor 
provided useful insights into the processes occurring in groups doing laboratory 
work. 
Reviewers of research into both group work and laboratory work have suggested a 
need to explore processes within groups as a means to understand further these 
learning environments. In a recent "inductive and conceptual" review of group work 
research, Cohen (1994) has re-focussed attention on the nature of the task and the 
kinds of group interactions which are productive, suggesting that this is a more 
fruitful direction than comparison of the performance of individuals working in 
groups with those working independently. Similarly, in science education researchers 
. 
have suggested we need to know more about the processes involved in practical work 
(White & Tisher, 1986; Tobin, 1990) and in groups (Solomon, 1989). Further, 
Solomon (1987) drew the attention of science educators to the social factors 
influencing learning, pointing out that science lessons are "a social activity which is 
governed every bit as much by the rules and rituals of group activity as by the 
exposition and questions posed by the teacher" (p. 126). 
Reviewers of research into laboratory work have also suggested that new research 
approaches are needed. In concluding their review, Hofstein and Lunetta (1982) 
suggested that the right questions to throw light on the effectiveness of laboratory 
activities had not been asked. At this prompting, Tobin (1990) proposed a potentially 
fruitful research agenda in which he drew on the literature of the 1980s and included 
the new research area of cooperative learning. He suggested that intensive studies 
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investigating the collaborative processes within groups and examining the negotiation 
of meaning that occurs were needed. He considered this to be a vital area of research 
because it would lay the groundwork for 11 asking the right questions 11 about science 
learning in laboratories. Tobin also suggested that an interpretive approach such as 
that described by Erickson (1986) was most appropriate because the questions it asks 
are broad and a necessary preliminary to focusing on more specific research 
questions. 
Both Tobin (1990) and White and Tisher (1986) adopted a positive position in relation 
to the effectiveness of practical work. Their view suggests that meaningful science 
learning is possible through laboratory work and what needs to be done is to explore 
what actually happens in groups doing practical work so that we may come to know 
the conditions which will allow this to happen. This research study was based on this 
position. 
Underlying the study is a social constructivist view of learning. This constructivist 
view assumes that students construct their own understanding through integration of 
their prior knowledge with new information and experiences (Driver, 1981; Posner, 
' 
Strike, Hewson, & Gertzog, 1982) This view, now widely held amongst science 
educators, differs from the traditional view of learners as passive receivers of the 
teacher's knowledge. The process of constructing knowledge is not believed to be 
a purely individual, rational, logical event carried out by an individual but is also 
influenced by social factors operating in the community or communities of which the 
learner is a member. Students learning science while doing laboratory work in 
groups are functioning both as individuals and as members of the learning group. 
They also belong to groups in the wider community, for example, adolescents or 
groups with particular religious beliefs or secular commitments. They are also 
influenced in their learning by the attitudes and beliefs of these groups. 
The aim of this study was to explore the interactions of a group of four students doing 
laboratory work in a first year Science Foundations subject at tertiary level. The 
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students chosen were highly motivated and believed that they learnt science best 
through practical work and group discussion. The analysis was interpretive 
(Erickson, 1986), and built a picture of the group and how the students interacted 
with each other and with the science content of their practical activity. 
Interest centred on how the students worked together and whether they were learning 
the science concepts the activity was meant to illustrate. Answers to the following 
research questions were sought: 
1 Are the students learning science concepts through doing the laboratory work? 
2 If so, to what extent is this learning a group process? 
3 If the students are collaboratively constructing their understanding, what 
specific behaviours are involved in this process? 
Throughout this study "laboratory work" is taken to mean practical activities 
conducted in a laboratory and more particularly, using Hofstein and Lunetta's (1982) 
definition, "contrived learning experiences in w"hich students interact with materials 
to observe phenomena" (p. 201). 
This introductory chapter has described briefly the overall background to this study 
and its aims. In Chapter 2 this background will be explored in more detail through 
a review of recent literature. This will be followed by a description of the 
methodology used in the study in Chapter 3 and in Chapter 4 the data analysis is 
reported. Finally, in Chapters Five and Six the findings of the study are discussed 
in relation to the literature and some implications of the fmdings for laboratory work 
in science education are considered. 
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CHAPTER TWO 
LITERATURE REVIEW 
2.0 Introduction 
This chapter provides the background to this study through a review of the literature 
relating to the role and effectiveness of laboratory work in science education, to 
theories about how students learn science and to the use and effectiveness of group 
work. How understanding may be socially constructed and recent studies on group 
interactions are also discussed since the social construction of understanding in a 
group is the focus of this study. 
2.1 Laboratory work in science education 
Laboratory work has been used in science teaching for over 100 years. Its popularity 
with educators has fluctuated over this time. An early advocate was Henry 
Armstrong, whose view of the importance of enquiry and individual practical work 
influenced British science education through the early years of this century. By the 
1920s Armstrong's approach had succumbed to criticism and teacher demonstration 
became more popular. In the United States early this century John Dewey advocated 
an investigative approach and "learning by doing". In the 1950s demands arose for 
more student-centred, open-ended investigations with relevance to everyday life an 
important consideration. This led to many new science curricula in the United 
Kingdom, United States and Australia in the 1960s - these espoused a spirit of 
enquiry which was expressed mainly through practical work. Since then student 
laboratory work has become well established and rarely questioned until recently. 
It is claimed that today secondary science students spend up to 50-60% of class time 
doing practical work in groups (Woolnough & Allsop, 1985; Denny & Chennell, 
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1986; Kempa & Ayob, 1991). Teachers give a variety of reasons for using 
laboratory work in science teaching. Henry (1975) reported the most common ones 
to be that laboratory work reflects the experimental nature of science, it assists the 
learning of scientific concepts and it improves student motivation. Other reasons 
included the teaching of useful practical skills, of careful observation, patience and 
persistence and the provision of an opportunity for developing problem solving 
abilities. Other writers (Hofstein & Lunetta, 1982; Woolnough & Allsop, 1985; 
Lynch, 1987; Hodson, 1990) have since reported the same commonly held 
justifications. 
Hegarty-Hazel (1990) reported on the goals of laboratory work at tertiary level and 
noted that routine goals (i.e., those related to observation, measurement, accuracy, 
errors, analysis and interpretation) are considered the most important and have the 
most consensus. She noted that goals central to the notion of scientific enquiry are 
accorded lower importance and there is less consensus about these. In a survey by 
Denny and Chennell (1986) secondary science teachers gave a high ranking to 
teaching students how to handle and use scientific equipment. When Henry (1975) 
asked teachers who had expressed the aims described earlier, which objectives they 
. 
considered to be achieved more appropriately by laboratory work than by other 
means, they chose objectives related to "becoming a good, safe experimentalist". 
Thus although teachers espouse a variety of aims there seems to be a tendency to see 
the value of laboratory work more in relation to practical skills than the learning of 
science concepts or the skills of scientific enquiry. 
Most science teachers are committed to laboratory work. Tobin (1986) observed that 
to teachers "the laboratory appeals as an ideal means of actively involving students 
in the learning process" (p. 200). Teachers generally agree that student motivation 
towards science learning is higher during practical activities than while doing 
ordinary classwork. Whilst teacher commitment to laboratory work is high some 
have expressed a desire for more information regarding its use. Butzow and Gabel 
(1986) reported that high school teachers responding to a survey of their interest in 
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23 research areas ranked research related to the science laboratory as their number 
one interest. This interest and commitment on the part of teachers and the amount 
of time students spend doing laboratory work make it an area highly worthy of 
research attention. 
Some studies have investigated what actually goes on in high school science 
laboratories. Tobin (1986) described Grade 8, 9 and 10 laboratory classes run by 15 
different teachers in two Western Australian schools. Tamir (1977) observed 18 
teachers conducting Grade 9, 10 and 11 science practical classes in Israel and in the 
U.K. Denny and Chennell (1986) surveyed 503 Year 7-10 students to elicit their 
perceptions of the value and meaning of their science laboratory work. These three 
studies revealed laboratory work being used for the verification of science concepts 
and the teaching of practical skills. Tamir (1977) described a typical verification 
laboratory as one where "the teacher identifies the problem to be investigated, relates 
the investigation to previous work, conducts demonstrations and gives direct 
instructions " (p. 311). Tobin ( 1990) reported that this use of laboratory work is 
common, despite the fact that science curricula since the 1960s have proclaimed the 
importance of the laboratory for enquiry - for providing students with the oppo!'1:4nity 
. 
to investigate, to enquire and fmd out things for themselves. Other science educators 
(for example, Woolnough & Allsop, 1985) have also described the laboratory as an 
ideal environment for developing problem solving skills. 
2.2 Research into the effectiveness of laboratory work 
Hofstein and Lunetta (1982) reviewed the history, goals and research findings relating 
to the laboratory as a medium of instruction in introductory science teaching. They 
reported that research results regarding the effectiveness of practical work in the 
learning of science concepts and processes were contradictory, but they suggested that 
this was because of weaknesses in the studies reviewed. Similarly, White and Tisher 
(1986) reported studies comparing laboratory work with other forms of instruction 
to be contradictory and sometimes difficult to interpret. They considered one reason 
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for this to be the lack of detail provided regarding teacher-student interaction, which 
can vary widely and alter classroom outcomes. They drew attention to the 
importance of local conditions and suggested that research into student actions and 
perceptions was needed. 
The controversy persists. Some more recent studies have reported that students often 
understand little of what they are doing in practical work and that the cognitive level 
. 
of discussion is low (Tobin, 1986; Hegarty-Hazel, 1990). There is also research 
evidence which suggests that practical work is largely unproductive in relation to 
science learning (Hodson, 1988; Hofstein & Lunetta, 1982; Shulman & Tamir, 
1973). 
Friedler and Tamir (1990) reported that there is evidence which shows that laboratory 
work can make significant educational contributions, citing studies mainly from the 
mid-70s, but later in the same work they cited studies from the mid-80s (Friedler & 
Tamir, 1984a; Novak & Gowin, 1984; Woolnough & Allsop, 1985; Driver, 1983) 
which reported how students frequently fail to learn what teachers expect from their 
practical experiences. Thus the situation is far from clear. If we accept the view .that 
effective learning is not occurring for many students, it is clear that there is a need 
to look more closely at what happens in groups doing practical work. 
2.3 The role of experiment in science education 
Concern and unease amongst some science educators about the findings of research 
into laboratory work have resulted in questioning of the role of experiment in science 
education and much has been written about this. Some of these writings will now be 
discussed. 
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2.3.1 Major criticisms of current roles of laboratory work 
Although research results are contradictory, Hodson (1990) drew on his own 
experience to declare 
.... practical work, as conducted in many schools, is ill-conceived, 
confused and unproductive. It provides little of real educational value. 
For many children, what goes on in the laboratory contributes little to 
their learning of science, or to their learning about science. Nor does 
it engage them in doing science, in any meaningful sense. (p. 33) 
Hodson claimed that a major cause of this is that teachers use laboratory work 
unthinkingly, subscribing in the process to one of the myths of the science teaching 
profession - that hands-on practical work is a universal panacea. Hodson saw the 
range of justifications usually given for laboratory work (described earlier in Section 
2.1) as "bewildering", "diverse" and "extravagant" and worthy of critical analysis. 
He observed that some of these goals may be approached by other means and that it 
may be that not one of the goals of science education is best approached by practical 
work. 
While Hodson's position may at first seem extreme, he is in fact supported by other 
science educators who have written at length on the current use of laboratory work. 
They questioned motivation, the teaching of skills, the learning of scientific 
knowledge and scientific method and the development of "scientific" attitudes as 
justifications or goals of laboratory work. Their views will now be considered. 
2.3.1.1 Motivation 
Hodson (1990) claimed that while many children do enjoy practical work there are 
many who do not. This was supported by Tobin (1986). Of 86 students he 
interviewed only one third regarded laboratory work as their "most liked" science 
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activity, only one sixth reported that they learned most about science through 
laboratory work and only one quarter wanted more laboratory work. Woolnough and 
Allsop (1985) also claimed that laboratory work was not motivating for all students, 
and that after some initial excitement personal interest was usually over-ridden by 
teacher-chosen and designed experiments. They also noted that much practical work 
was boring for more able students. 
Teachers often assume that simply providing variety in classroom procedures will 
avoid monotony and arouse student interest (Hofstein & Lunetta, 1982). In a survey 
conducted by Denny & Chennell (1986) teachers and students supported this to some 
extent by ranking "breaking up lessons to make them more interesting" third and fifth 
respectively when choosing from 11 aims for practical work. 
While laboratory work is undoubtedly a change from classroom routine the kind of 
activities provided will determine individual motivation. Hodson (1990) observed 
that motivation depends on interest and excitement and that the stimulus for this 
varies with age. Whilst younger children may be motivated simply by the 
opportunity to use equipment, older students need a cognitive stimulus. He suggested 
. 
that decreasing interest in practical work through the school years may reflect the 
kind of tasks students are usually given. Hodson did not deny that laboratory work 
can have a motivational effect but suggested that we consider just how this can be 
achieved. He supported this with evidence from a survey of 13-16 year olds in a 
number of Auckland schools. Whilst 57% of respondents liked practical work, many 
qualified this with comments such as "I like it when I know what I am doing". 
2.3.1.2 The teaching of skills 
The teaching of skills refers either to the teaching of useful, generalisable and 
transferable skills or the skills of a practising scientist. Hodson (1990) argued that 
it is difficult to see how the ability to use a pipette or microscope can be transferred 
to everyday life and that training all students as though they would become scientists 
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is "morally dubious" even if one could predict which skills they will require in a 
world of rapidly changing technology. He also quoted a national United Kingdom 
report on students' practical abilities which clearly showed that students were not 
acquiring even basic laboratory skills. Hodson saw the acquisition of skills not as a 
major aim for laboratory work but as a means to the end of "further learning". 
Woolnough and Allsop (1985) made similar claims to Hodson regarding manipulative 
skills, but also discussed higher level skills such as planning and interpreting, and 
observed that these are not usually well developed either. 
Laboratory skills can be interpreted more broadly as skills associated with 
communication, observation, investigation, reporting, manipulation and discipline 
(Hofstein & Lunetta, 1982). The "process" view of science emphasised all of these 
skills to the extent of using them as a rationale for science in the curriculum. In this 
view they were considered vital skills which could be acquired only in the laboratory. 
This made laboratory work and therefore science essential for all students. Millar 
and Driver (1987) argued convincingly against this view, claiming that these abilities 
are not unique to science, that hypothesising, classifying and inferring are things 
people do all the time, and that humans are born with a capacity to do these things. 
Referring to the learning of science through these processes, Millar and Driver 
observed that there is a distinction between the way scientists work and how children 
learn. They asked whether children do learn by hypothesising, observing and 
experimenting. Current views of science learning involving the importance of prior 
knowledge (Pope & Gilbert, 1983; Osborne & Bell, 1983) and the dependence of 
learning on context (Lave, 1993) are not taken into account in the teaching of general 
science processes. 
2.3.1.3 Learning of science concepts 
Teachers commonly expect that laboratory work will improve student understanding 
of science concepts. Woolnough and Allsop (1985) described the process that 
teachers believed occurs. "Students will start by not understanding; they will collect 
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data from their experiences, then they will make sense of all the information and 
thereby gain an understanding of what happened " (p. 35). This is no small 
achievement. Johnstone and Letton (1989) noted that in carrying out practical work 
at least six items have to be held in working memory: theory to be recalled, skills to 
be recalled, names of apparatus, new skills, new verbal instructions and new written 
instructions. Information processing theory has proposed that for most students only 
four items can be comfortably dealt with at the same time (Halford, 1993). Simply 
processing the information needed to do the activity needs all of a student's 
concentration, allowing little chance of making sense of it at the same time. It is 
hardly surprising then that many writers claim that laboratory work is not effective 
as a means of learning science concepts. 
As discussed in Section 2.2 controversy exists in the research community concerning 
the effectiveness of learning science concepts through practical work. Both Hodson 
(1990) and Hofstein and Lunetta (1982) reported that empirical evidence on this issue 
is difficult to interpret and somewhat inconclusive. 
In support of the negative view, Friedler and Tamir (1990) cited several studie~ and 
the United Kingdom Assessment of Performance Unit Report (1984) which concluded 
that only a minority of 15 year olds had grasped basic science concepts. Regarding 
laboratory work, Driver (1983) suggested that the well known saying "I do and I 
understand" should be replaced by "I do and I am even more confused" (p. 9). 
Hodson (1990) decided that on balance it cannot be argued that laboratory work is 
superior to other methods. 
With respect to the learning of concepts practical work can be used in two ways. 
Students may be expected to discover concepts through their activities or the activities 
can be used to illustrate concepts. The possibility of discovering concepts through 
practical work has been largely discredited (Millar & Driver, 1987). Hodson (1990) 
described discovery methods as "mistaken epistemologically", "psychologically 
unsound" and "pedagogically unworkable" (p. 37). He wrote that "theoretically 
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uninformed observations do not and cannot lead to the acquisition of new concepts" 
and that "it is conceptual structures that give meaning, purpose and direction to 
practical experiences" (p. 37). Other writers (Millar & Driver, 1987; Woolnough & 
Allsop, 1985; Wellington, 1981; Millar, 1987) support this view, which for many has 
arisen out of a consideration of how real scientists work. If concept learning is 
approached by discovery methods it is unlikely to succeed as students rarely discover 
what the teacher intended. Driver (1983) has revealed the extent of students' prior 
conceptions of phenomena and these have now been widely studied. In accord with 
Hodson's comment above she considered that these conceptual structures greatly 
influence student experience and interpretation of phenomena in laboratory activities. 
In "verification" laboratories outcomes of experiments may appear to be 
predetermined by the design of the experiment and the teacher's instructions. 
However, students may still draw quite different conclusions from what they observe 
and thus the desired science concepts may not result. 
Solomon (1988) ascribed a key role to experiment because it illustrates and "brings 
to life" the concepts being taught. She called this teachers' "craft knowledge" and she 
looked for theory to support this. She suggested that a strong argument for using 
. 
experiment in this way is "connecting concept with perception". She cited Polanyi 
(1958) who claimed that understanding begins with the union of words and 
perceptions. However, perceptions are not objective and are likely to be influenced 
by prior knowledge and experience. 
It may be that the use of teacher demonstration may be more effective than student 
experiment in the learning of concepts. The teacher is able to draw attention to 
relevant aspects of what is occurring and involve the students in discussion to clarify 
their understanding. 
Using experiments (student or teacher) to illustrate concepts has further problems 
which Millar (1987) raised and which lead to broader questions regarding the role of 
experiments in school science. In practice, experiments do not always give the 
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expected results. When this occurs what happens to the concept being illustrated? 
If the concept is not rejected or modified how do we reconcile this with "the scientific 
method" which we are presumably also illustrating? 
Hofstein and Lunetta (1982) drew attention to a possible source of some of the 
entrenched support in science education for "learning by doing". This is the 
influence since 1960 of Piaget' s developmental model on instructional strategies in 
science. Hofstein and Lunetta noted that many interpreters of Piaget have inferred 
that "work with concrete objects is an essential part of the development of logical 
thought, particularly prior to the time that an individual reaches the developmental 
stage of formal operational thought" (p. 209). However, the authors added that it is 
not clear whether this inference is based on Piaget's data or is merely an assumption. 
They concluded that analysis of this question could contribute new knowledge to the 
debate concerning the need for laboratory work in school science. 
2.3.1.4 Teaching the scientific method 
Woolnough and Allsop (1985) noted that the goal of teaching the scientific method 
became popularised in the 1960s through Nuffield courses which used the phrase 
"being a scientist for a day". What this means is controversial and the controversy 
raises the question of whether we can or should regard the teaching of scientific 
method as a goal for school laboratory work. 
Millar (1987) described the popular image of science as "of knowledge discovered in 
laboratories through experiments which validate the knowledge and guarantee its 
reliability and trustworthiness" (p. 109). Both Millar, and Woolnough and Allsop 
(1985) claimed that this view is being perpetuated by most current school science. 
Involved in this view is the Baconian model of proceeding by induction and a 
verification approach to "testing" theories. These views of science have long been 
rejected by philosophers of science. If we are to teach "scientific method" in school 
laboratories what "method" should this be? 
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Millar described the current philosophy of science view of the role of experiment in 
science as the "new history and philosophy of science" view and noted that this view 
has arisen partly from Kuhn's (1962) work, "The Structure of Scientific 
Revolutions". Philosophers and sociologists making detailed case studies of past and 
contemporary scientists at work have presented a complex view of "scientific 
method" . In this view an hypothesis can never be falsified by experiment nor can 
experiment arbitrate between two theories, since most well-supported theories can 
withstand some anomalous data. Interpretation of the experiment by a community of 
scientists is what determines its fate, that is, "knowledge" is negotiated within the 
community, with all kinds of social and peer pressures being involved. Scientific 
knowledge is thus a social construction. 
If this view of scientific method was accepted it would mean a new emphasis on the 
discussion of experimental results which currently receives very little time in 
classrooms. This assumes that students should work at being scientists. Millar and 
Driver (1987) questioned whether this is in fact the best way for children to learn 
science and suggested that current developments in cognitive psychology should be 
more closely examined to throw light on this. 
Sutton (1989) drew attention to the fact that we perpetuate a false view of science in 
the way we require students to write up their practical work, using the set format of 
aim, method, results and conclusions. Implicit in this structure is the inductivist view 
which assumes that our observations and results provide the basis for conclusions. 
In this approach there is no mention of prior ideas which may influence the 
observations. 
Woolnough and Allsop (1985) and Driver (1983) considered that students are 
naturally "like scientists" in that they are motivated to explore the world, to interpret 
it for themselves and to make sense of it. The narrow view of science we have been 
offering them possibly explains why they do not continue to act in this way as they 
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go through school. We have removed the controversy inherent in real science and 
presented them with a sterile cookbook experience. 
2.3.1.5 Teaching scientific attitudes 
The last goal of laboratory work to be discussed is the teaching of scientific attitudes. 
Hodson (1990) described these attitudes as "value-free, theoretically unprejudiced 
objectivity, open-mindedness and willingness to suspend judgment" (p. 38). Both 
Hodson (1990) and Gauld (1982) discussed case studies of scientists which clearly 
demonstrated that these attitudes do not characterise real scientists, past or present. 
Gauld (1982) argued that whatever the characteristics of scientists may be, it is 
arguable that students, most of whom will not become scientists, should be 
encouraged to adopt these attitudes. It has been argued by educators that the acting 
out of scientific attitudes is an effective way of learning about the nature of scientific 
activity. A second justification has been that scientific attitudes are desirable 
attributes for all people for problem solving in everyday life and for being tolerant 
towards the views of others. Gauld suggested that these arguments fail now th~t 30 
years of evidence from sociologists and philosophers of science demonstrates that 
scientists are a diverse group of people with a range of attributes, some of them the 
exact opposite of those described as traditional scientific attitudes. He concluded that 
the teaching of scientific attitudes should be abandoned as a goal in science education. 
Hodson (1990) expressed a similar view and added that the traditional view of the 
scientist is probably not an attractive one to children and may in fact discourage them 
from choosing science. Hodson differed from Gauld, however, in suggesting that, 
once clarified, the decision making processes involved in scientific enquiry should be 
translated into suitable activities for the classroom. 
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2.3.2 Ideas for changing the role of experiment in science education 
Most writers who expressed criticism of the current goals and use of laboratory work 
have suggested ways in which these could be improved. These will now be 
discussed. 
A central issue is to distinguish between the role of experiment in real science and the 
role of experiment in science education. It may be that the way scientists use 
experiments is not an appropriate way for them to be used to teach science in schools. 
Hodson (1990) suggested that in analysing what we do and in seeking to improve it 
we need to distinguish between learning science, learning about science and doing 
science. He considered doing science to mean open-ended project work, in which the 
content and the methods as well as the outcomes are largely unknown at the outset. 
Woolnough and Allsop (1985) defined doing science in a similar way, as problem 
solving. In these terms the current practice of doing experiments which are 
confirmatory exercises does not involve doing science. 
Are students learning "about science"? Most students believe that science is about 
doing experiments but as Hodson (1990) observed, "experimentally driven science 
is not the only kind of science" (p. 54). Experiment alone is not science and 
experiment is not always necessary, for example, in geology and astronomy. As 
discussed earlier Millar (1987) drew attention to evidence from case studies of 
scientists which presented a complex view of how scientists actually work, and how 
scientific knowledge is socially constructed by them, not just inferred from 
experimental data. For students to learn about real science they need to have access 
to this kind of information, which is probably not part of many science curricula at 
present. 
This leaves "learning science" as the only explanation for what we are currently doing 
and research has not yet established that we are, in fact, achieving this through 
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laboratory work. From Hodson's point of view we have little to be satisfied· about 
in relation to laboratory work in school science. 
Hodson proposed that involving students in experimental design may bring them to 
some appreciation of the complexity of scientific endeavour. They will experience 
the interdependence of theory and experiment when they realise that one can design 
experiments only to observe what one anticipates will happen. He called for "theory-
driven learning experiences" in practical work, which contrasts with the purpose of 
illustrating theory whilst maintaining a facade of open enquiry. However, he did not 
elucidate exactly what he meant by this approach. He suggested that computer 
simulations can be used to overcome some of the practical difficulties involved in 
allowing students to design and carry out possibly inefficient or dangerous 
experimental strategies. This is also an example of how many scientists actually 
work, using computers as tools for modelling and theory building. 
New goals for practical work have been suggested. Such goals would separate 
practical work from the demands of displaying theory, which many consider it does 
not do effectively. Three revised aims proposed by Woolnough and Allsop q985) 
. 
lead to three different types of practical activities: exercises to develop practical skills 
and techniques, experiences to give students a "feel" for natural phenomena and 
investigations to allow students to act like problem solving scientists. The 
experiences are based on the idea of the scientist as crafts-person, with a certain tacit 
knowledge about phenomena which has been acquired through the senses. In the 
investigations students may choose a question to explore or one may be provided 
relevant to a curriculum topic. The authors saw advantage in these being done 
collaboratively. 
Woolnough and Allsop (1985) also saw a role for teacher demonstration in helping 
to link practical reality with theory but considered that the concepts of science should 
be taught by strategies other than practical work. They stressed the role of language 
in student sense-making and suggested that small group and whole class discussion, 
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debate, writing, directed reading (books, articles, newspapers and even scientific 
papers), discussion of case studies, decision making simulation exercises, visits, and 
interviews and even drama could be used. Support was provided for Woolnough and 
Allsop's suggestions by Millar (1987). He agreed that the teaching of science method 
and content needed to be separated but considered that Woolnough and Allsop's 
approach needed further development. Millar was concerned about what the learning 
outcomes of problem solving investigations were claimed to be and also suggested 
that more probing needs to be done into the role experiment plays in the teaching and 
learning of theoretical ideas. He commented on Woolnough and Allsop's suggestion 
that teacher demonstration be used to link theory and reality, saying that it is not yet 
clear whether a demonstration clarifies matters for the learner any more than their 
own practical work. 
Millar (1987) felt the fundamental problem to be that "science is irreducibly an 
interplay between experiment and theory and so a total separation of theory and 
experiment is neither desirable not possible" (p. 113). He explored the consequences 
in the classroom of seeing experimental data as "intrinsically problematical and 
uncertain", of accepting that "experiments do not unequivocally determine the 
conclusion to be drawn" (p. 115). In Millar's view the results of school experiments 
would be seen as raw material for interaction between teacher and student and 
between students. The acquisition of new scientific knowledge would be negotiated 
through discussion. In this way the role of experiment in the formation of knowledge 
would receive explicit attention. A truer picture of science could emerge, including 
its limitations as well as its possibilities. 
This view of experiment has important implications for public understanding of 
science. Millar (1987) observed that the traditional view of science which involved 
the certainty of scientific knowledge, has not prepared students to interpret public 
disagreements between scientists regarding issues such as nuclear power and global 
warming. In this new perspective disagreements about the meaning of data are a 
normal part of science. A, research problem arising from this would be to explore 
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how agreement can be reached in the classroom. Millar concluded that interest needs 
to be directed towards the social construction of knowledge (this idea is explored in 
Section 2. 5). 
In the last two sections criticisms of, and ideas for changing the role of laboratory 
work in science education have been reviewed. This provides the background of 
controversy from which this study arises. The next section describes current theories 
of how students learn science, with a view to drawing on these in this study and 
relating these theories to the laboratory context. 
2.4 How do students learn science? 
Today, the most commonly held current view of learning in the science education 
research community is constructivism. In the constructivist model of learning, 
learning is often called "conceptual change" . In the next section constructivist ideas 
will be discussed. In Section 2.4.2 the relevance of constructivist ideas to laboratory 
work will be considered. 
2.4.1 Constructivism and conceptual change 
Driver (1989) described the constructivist view as that in which "individuals through 
their own mental activity, experience with the environment and social interactions 
progressively build up and restructure their schemes of the world" (p. 85). In this 
view learning is an active process, not merely the receiving of information, and the 
process begins with what the learner already knows. However, new information and 
new experiences are not simply added on to previous knowledge but are synthesised 
into it in such a way that the world continues to make sense to the learner. Wheatley 
(1991) noted that "constructivists view learning as the adaptions children make in 
their functioning schemes to neutralize their perturbations that arise through 
interactions with our world" (p. 12). This describes learning in biological terms, as 
adaptation to the environment. In Wheatley's view, "the crucial difference between 
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constructivism and other educational theories is that it views knowledge as 
"someone' s knowledge" rather than as "mind-independent entities in an external 
environment, which have been institutionalised by past generations" (p. 12). 
In the constructivist view what the learner already knows is the starting point for 
learning. The study of children's ideas about natural phenomena has lead to the 
notion of "children's science" (Driver, 1983; Driver, Guesne, & Tiberghien, 1985). 
This means the existence in young children's minds, even prior to entering school, 
of schema or frameworks which have begun to form through their attempts to explain 
the world around them. Despite the potentially misleading use of the term 
"framework", these are not highly organised or rigid structures but the beginnings of 
theories about how the world works. Children's explanations are usually sensible and 
entirely consistent with their own life experiences. These ideas or beginning theories 
are the basis for any learning the child "constructs" . 
Millar (1989) has drawn attention to some researchers' doubts about children's 
understanding existing in the form of an interconnected framework of ideas. He 
discussed an alternative view of children's ideas as "piecemeal" and "unstructured" 
and noted that "there is increasing support from' work in cognitive psychology for the 
view that knowledge is held in memory as a collection of discrete instances" (p. 593). 
Awareness of the existence of students' alternative conceptions and the constructivist 
theory of learning have had a major impact on ideas about science learning and how 
we should go about teaching science. In the constructivist view, when presenting new 
information or new experiences the teacher needs to know something of the student's 
prior knowledge and to activate this in some way if the student is to accept and 
integrate the new knowledge. The new material may fit easily into the learner's 
existing conceptions but often this does not happen. Then the learner may either 
reject the new material or re-think some of their previous ideas and re-organise these 
ideas to accommodate the new material. 
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The process of rethinking or re-organising one's ideas or conceptions is often called 
"conceptual change" and in the constructivist view this is seen as an indicator of 
learning. From a constructivist's viewpoint, scientific knowledge is a particular 
framework or set of theories constructed by the community of scientists as 
explanation of the world around us. Whilst what is accepted by the scientific 
community is continuously changing, learning science can be seen as moving towards 
scientists' current view of the world. 
Conceptual change may be seen as the replacement of the student's "old" ideas with 
the "new" scientific ones but as Duit and Haussler (1992) reported, "research results 
support the conclusion that a replacement view is not adequate because students still 
use their old conceptions in situations where they have been proven to be rather 
successful" (p. 20). Nussbaum (1989) described conceptual change as either 
"evolutionary or revolutionary". In commenting on three of his own studies in two 
different areas of science Nussbaum (1989) noted that the conceptual change which 
occurred seemed to be "evolutionary", the students maintaining "substantial elements 
of the old conception while gradually incorporating individual elements from the new 
one" (p. 538). 
Posner, Strike, Hewson and Gertzog (1982) have proposed the beginnings of a theory 
of conceptual change. They use the term "assimilation" if the student is able to deal 
with new phenomena through their existing concepts and "accommodation" when 
radical restructuring is required. In accord with other writers such as those 
mentioned above, Posner et al. described accommodation as "a gradual and piecemeal 
affair". 
It rarely seems characterised by either a flash of insight, in which old ideas 
fall away to be replaced by new visions, or as a steady logical progression 
from one commitment to another. Rather, it involves much fumbling about, 
many false starts and mistakes, and frequent reversals of direction. (p. 223) 
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In their theory Posner et al. have described what they consider to be the necessary 
conditions for conceptual change to occur. They asserted that students will engage 
in conceptual change if they are dissatisfied with'their existing conception and the 
new conception is "intelligible, plausible and fruitful". However, they considered 
this to be a rational, individual act and did not consider the social influences at work. 
These would seem to be important in classrooms, particularly in laboratories where 
students usually work in groups. 
In addition to social influences within the classroom, Duit and Haussler (1992) noted 
in relation to teaching about energy, that if "the energy conceptions learned in school 
are to be fruitful in daily life concerns, they have to be compatible with the energy 
conceptions predominant there" (p. 21). They suggested that we have to reject the 
idea of replacing students' conceptions by scientific ones and at least adopt an 
"evolutionary" approach, taking as a starting point those aspects of students' concepts 
which most closely match the scientific ones. 
Conceptual change has been described by Carey (1985) as "weak or strong 
restructuring". In Carey's view weak restructuring involves a change "from no 
theory to first theory", whereas strong restructuring has the characteristics of "full-
blown theory" change as illustrated in the history of science by the shift from 
Aristotle's to Galileo' s ideas about motion. The reorganisations involved in this 
strong restructuring involve "changes in the domain of phenomena to be accounted 
for by the theory, changes in the individual concepts and changes in the nature of 
explanation" (p. 245). 
The constructivist model of learning has given rise to "constructivist" approaches to 
teaching (Driver, 1989; Brooks, 1990; Yager, 1991). However Millar (1989) has 
argued that these do not follow logically from a constructivist model of learning and 
may even be unproductive. He claimed that the message of a constructivist model of 
learning for science teaching is simply the importance of the active involvement of 
learners and that this can be achieved in a variety of ways already known. 
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Constructivist approaches to teaching science tend to focus on promoting conceptual 
change and broadly follow the learning model in involving stages of elicitation and 
sharing of prior knowledge, exposure to conflict of ideas and the construction of new 
ideas. According to Duit and Haussler (1992) teaching approaches fall into two 
categories - the "evolutionary" or "revolutionary" oriented. In the evolutionary 
approach teaching starts from those aspects of the students' conceptions which are 
compatible with the science concepts to be learned. The revolutionary approach 
begins where the two conceptions clash. In this approach the student is usually 
subjected to cognitive conflict through being presented with "discrepant" events or 
evidence which cannot be explained by his or her own current framework. 
Presumably learning in the form of conceptual change follows, but some researchers 
have claimed that this is often not the case (Dreyfus, Jungwirth & Eliovitch, 1990; 
Scott, Asoko & Driver, 1992). 
Chinn and Brewer (1993) have explored the factors they considered influence a 
person's response to anomalous data, such as they would be confronted with in a 
discrepant event. Their discussion revealed the complexity of the situation. In 
addition to the characteristics of the alternative theory and the anomalous data, the 
individual's beliefs and epistemology play a major role and social factors such as 
conforming to group norms also contribute to the outcome. Roth and Roychoudhury 
(1993) explored the epistemologies of four secondary physics students and found "a 
tremendous wealth of attitudes and beliefs" (p. 42). Whilst one can view students' 
beliefs and attitudes as barriers to conceptual change, they suggested that this richness 
can be the source of valuable small and large group discussion which may lead to 
some understanding of the consensual nature of scientific knowledge. 
It appears that more research is needed into the nature of conceptual change and how 
it can be promoted in science classrooms. Science classrooms include laboratories, 
and laboratory work is commonly used in science education to illustrate science 
concepts. Implicit in this goal is the belief that practical work can lead to conceptual 
change, or understanding of the scientific explanations of phenomena. Does 
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constructivism offer insights into the learning of science through practical laboratory 
work? This is considered in the following section. 
2.4.2 Constructivism and laboratory work 
Constructivism as a view of learning throws new light on laboratory work. Driver 
and Bell (1986) noted that constructivism leads to the realisation that practical 
experiences by themselves are not enough to change students' conceptions. Gunstone 
(1990) pointed out that observations play a central role in learning science through 
practical work, yet observations are theory-dependent. If students have their own 
frameworks or theories then what students see will depend on their theories. They 
may reject their observations if these do not fit their theories. They frequently do this 
by blaming the equipment or themselves. In practical classes students are also 
encouraged to draw inferences from what they see. Here also they will be influenced 
by their personal theories and without good followup discussion may construct 
unscientific explanations. 
In the light of constructivist ideas it is not difficult to see why some students d,a not 
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learn science effectively through practical work. Constructivism is about constructing 
meaning and in the past this has not been a focus of laboratory work. Tobin (1990) 
described a crucial ingredient for meaningful laboratory activity as the provision of 
"opportunities to reflect on findings, clarify understandings and misunderstandings 
with peers and consult a range of resources which include other students, the teacher 
and books and materials" (p. 414). The teacher's role is facilitator rather than 
manager. 
Driver and Bell (1986) also suggested that new teaching strategies are needed to 
encourage the conceptual change that may flow from practical experiences. They 
suggested encouraging students to make their own ideas explicit, presenting 
experiences which challenge these ideas, encouraging hypothesising and alternative 
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interpretations of models, and using small group discussion to give students the 
opportunity to explore ideas in an unthreatened way. 
Addressing the construction of knowledge in a laboratory situation soon leads to 
consideration of social influences, since in most laboratory classes students work in 
groups. Solomon (1987) directed attention towards the social construction of 
knowledge in the context of science education, and observed that "social interaction 
employs ways of constructing meaning which are different from those used in 
individual reflection" (p. 64). 
Both personal and social constructivist ideas may offer a new way forward in 
laboratory work. Social constructivism is now explored in the following section. 
2.5 The social construction of knowledge 
Driver (1989) described the now widely accepted constructivist view of learning as 
that in which "individuals through their own mental activity, experience with the 
environment and social interactions progressively build up and restructure their 
schemes of the world" (p. 85). Despite the mention of social interactions in such 
descriptions of constructivism, as Solomon (1987) pointed out, the research literature 
has been dominated by personal constructivism. Theory in support of a personal 
constructivism has been developed (Posner, Strike, Hewson & Gertzog, 1982) which 
asserted that students act as individuals, in a rational manner, when they are involved 
in conceptual change. In contrast to this is a view of knowledge as socially 
constructed. This theory was articulated in detail by Berger and Luckmann (1967) 
and Schutz and Luckmann (1973). This idea of knowledge as socially constructed has 
now been become part of the discourse of science education research. 
Solomon (1989) described science lessons as "a social activity which is governed 
every bit as much by the rules and rituals of group activity as by the exposition and 
questions posed by the teacher" (p. 126). Earlier, Wallace (1986) had analysed the 
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discourse of second and third year secondary students doing practical work in science, 
and described the following different types of talk: negotiating doing, removing 
tension, giving help and tutoring, non-task talk (for "greeting" and "stroking" as 
students settle into their groups), negotiating knowledge (for example, agreeing or 
disagreeing about what colours, measurements or tastes they perceive) and 
constructing meaning. Most science teachers are aware of the social concerns of 
adolescent students, which become more visible during laboratory activities than in 
ordinary class work. Tobin (1986) documented the importance of this social agenda 
in relation to off-task behaviour during laboratory classes. However, social 
behaviour is also involved when students are on task and certain kinds of social 
behaviour are conducive to learning. Driver (1989) noted, and most teachers are 
aware of this, that "small groups are often able to make useful progress in theorising 
and explaining events" (p. 91). 
Barnes (1976) referred to two specific behaviours which could be considered as 
essential to a group construction of understanding. When analysing the discussion 
of groups doing some practical problem solving in science Barnes categorised their 
approaches as "open" or "closed". In the "open" approach pupils ask questions of one 
another of a kind which invite conjecture and discussion whereas in the "closed" 
approach contributions tend to be assertions. The former kind of interaction would 
be a necessary condition for the group construction of understanding. Barnes referred 
to another kind of behaviour of significance here- (in the open approach) "the pupils 
make frequent use of one another's contributions by extending or modifying them" 
(p. 67). This behaviour was also noted by Groisman, Shapiro and Willinsky (1991) 
when commenting on interaction between students doing practical science, "we see 
that not only are students capable of organising their interaction, but that each 
participation seems to build on the one before" (p. 224). A similar observation was 
made by Forman (1989) in the context of mathematical problem solving. In a case 
study of a single pair of students he showed that over time each subject's explanation 
and strategies became incorporated into the other's approach to the problems. 
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A behaviour that one might expect in a group construction of knowledge is referred 
to by Forman (1989) in the context of mathematical problem solving. A case study 
of a single pair of students showed that over time each subject's explanation and 
strategies became incorporated into the other's approach to the problems. 
Building on their earlier work, Barnes and Todd (1977) explored in some detail how 
thirteen year olds "made sense together" in discussion, when given non-practical tasks 
in the form of set questions. Most of the tasks had a social science content but four 
involved science concepts. Barnes and Todd described two levels of the social and 
cognitive functions of conversation. Level One involved discourse moves and logical 
processes and Level Two social skills, cognitive strategies and reflexivity (monitoring 
behaviour and adjusting strategies). They considered certain social skills and 
discourse moves to be necessary to support the use of cognitive strategies in a social 
construction of understanding. 
Using a grounded theory approach, Barnes and Todd described specific behaviours 
observed in the groups they studied. These behaviours were expressions of each of 
the social and cognitive functions, except for logical processes, which they considered 
to be too difficult to discern in verbal interactions. Fourteen specific discourse moves 
were observed, such as initiating discussion of a new issue, qualifying another 
person's contribution, completing unfinished utterances and supporting another's 
assertions with evidence. These fourteen moves they ordered into four categories: 
initiating, eliciting, extending and qualifying. Barnes and Todd pointed out that these 
were not individual skills, they exist in group discussion or not at all. These skills 
are also mutually supportive and allow students to make sense of things or construct 
meaning through talking. 
The social skills Barnes and Todd observed and considered essential to a social 
construction of understanding were controlling and monitoring of progress through 
the task, dealing with competition and conflict, and various supportive behaviours. 
In a group, differences of opinion occur and these play a crucial part in developing 
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understanding. Barnes and Todd pointed out that these difference are only fruitful 
if seen by group members in a positive light. Whether or not they are handled 
constructively depends very much on the social skills of the group. 
The cognitive strategies observed by Barnes and Todd in the groups they studied were 
constructing the question, raising new questions, setting up hypotheses and using 
evidence. Reflexivity, less readily observed and therefore less frequently observed, 
involved the students monitoring their own thinking, relating alternative 
constructions, evaluating their own and others' contributions and demonstrating their 
awareness of strategies. 
The above writers have described specific behaviours which they considered 
necessary for the social construction of understanding in a group. Undoubtedly 
personal construction is always involved in learning, but of interest in this study is 
the social, or group construction. 
Linn and Burbules (1993) have challenged the idea of a group construction of 
knowledge. They claimed that "The weight of evidence supports the conclusio~ that 
knowledge is constructed (Eylon & Linn, 1988) but the evidence on the process of 
co-construction is much less definitive" (p. 60). They observed that "co-construction 
of knowledge in group learning is but one of many constructive mechanisms" (p. 60). 
In the context of science education it is also vital to consider just what knowledge has 
been constructed in a group since in many cases it may not match what is considered 
"scientific" knowledge. If students bring their own alternative conceptions to the 
group the knowledge co-constructed may incorporate some or all of these 
conceptions. In addition, the dynamics of the group (the power, status and roles of 
group members) will no doubt influence outcomes and these factors may be as 
influential as the cognitive processes within the group. 
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Considering the possibility of a group construction of understanding leads to the need 
to consider what research has to say about group work and this will be reviewed in 
the following section. 
In concluding this discussion of current theories of science learning, it is important 
to note that whilst constructivism has proved a very fruitful model of learning in 
science eduation, it is not the only view of learning espoused by science educators. 
Constructivism has offered science educators some very plausible explanations for 
why students generally find learning science difficult and perhaps this is one reason 
for its broad appeal. However some writers (Millar, 1989; Solomon, 1994) have 
begun to question the assumptions of constructivism and to discuss its limitations. 
2. 6 Group work 
Group work has been used in most school science laboratories because of the need 
to share equipment. It is not usually chosen for educational reasons. Like laboratory 
work, group work has become an unquestioned part of most science courses. As 
mentioned earlier, controversy surrounds the effectiveness of laboratory work and 
some research into how students perceive their classrooms (Denny & Chennell, 1986; 
Tobin, 1986; Hodson, 1990) has suggested that students themselves are far from 
unanimous in their feelings towards practical classes. This leads to the question of 
whether some of them do not like working in groups and perhaps do not learn science 
best this way. Research into the effectiveness of group work for learning is as 
inconclusive as that into laboratory work. 
Group work may take many forms. The most common of these are peer tutoring, 
collaborative learning and cooperative learning. In peer tutoring a student with some 
expertise teaches another who has less knowledge. Cooperative learning (Johnson & 
Johnson, 1991) involves the structuring of a task and its goals so that students are 
interdependent and perceive that they are linked with each other in such a way that 
one cannot succeed unless they all do. Students are usually required to produce a 
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group solution or report. In collaborative learning (McKinley, 1983) students share 
their ideas, resolve conflicts arising from differing ideas and construct new 
understanding together. Consensus is not necessarily reached. In practical science 
classes teachers usually assume that their students are involved in cooperation. 
Emphasis is rarely placed on collaboration or the sharing of ideas. 
Some of the research into learning through group work will now be considered. 
Advocates of group work have made many claims for it, but controversy exists. 
Much research into the effectiveness of group work has been done in the context of 
cooperative learning and this research will be considered first. 
2.6.1 Cooperative learning 
Johnson and Johnson (1991) reviewed cooperative learning in over 520 experimental 
studies carried out in the past 90 years. They concluded that working together to 
achieve a common goal, when compared with working alone, competitively or 
individually, produced higher achievement and greater productivity, more student 
caring about each other, higher self-esteem, greater "psychological adjustment and 
health" and increased social skills. The superiority of cooperative learning is greater 
"when the task is more conceptual, more problem-solving is required, higher level 
reasoning and critical thinking are more desirable, more creativity is required and 
there is a greater need for what is being learned to be relevant to the real world" (p. 
59). They saw the gains in social skills as vital beyond their role in school years, 
being important for employability, career success and the building and maintaining 
of caring friendships, families and neighbourhoods. 
Slavin (1990) claimed that "cooperative learning is one of the most thoroughly 
researched of all instructional methods" (p. 52). Despite this there is not a consensus 
about the nature and size of the effects of cooperative learning, although Slavin 
pointed out that "the areas of agreement among cooperative learning researchers far 
outweigh the areas of disagreement" (p. 52). In relation to student achievement 
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researchers generally agree that the effects of cooperative learning are positive, but 
they disagree on the conditions under which the approach is effective. There is 
consensus that two critical features, group goals and individual accountability, must 
be present for true cooperation to occur. Slavin reported that the broadest consensus 
exists in relation to the effect of cooperative learning on social skills. The building 
of liking and respect amongst students has been shown to be particularly valuable in 
helping students of different racial or ethnic backgrounds to work together and in 
improving acceptance of academically handicapped students by their classmates 
(Madden & Slavin, 1983). 
Davidson (1984) drew a somewhat different conclusion from Slavin (1990) and 
Johnson and Johnson (1991) when reviewing research into small group learning in 
mathematics. "Considering all the studies comparing student achievement in small 
group instruction and traditional methods in mathematics, the majority showed no 
significant difference" (p. 24). He then made a concession to Slavin in 
acknowledging that cooperative learning methods that use group rewards and 
individual accountability do improve student achievement if the term "achievement" 
is taken to mean computational skills, simple concepts and simple application 
problems. This contrasts with Johnson and Johnson's (1991) claim mentioned 
previously about the superiority of cooperative learning when the task is more 
conceptual and higher level reasoning and critical thinking are required. Davidson 
agreed with Slavin's claim that group rewards are vital to this effect but then drew 
attention to the fact that aptitude-treatment interactions can result in high ability 
students achieving better in small groups without rewards as described in a study by 
Peterson, Janicki and Swing (1981). 
The area of controversy in cooperative learning that Slavin (1990) referred to arises 
from two differing perspectives underlying the research into this approach. Slavin 
(1987) described these perspectives. From the "developmental" perspective 
interaction among students on learning tasks will lead in itself to improved student 
achievement. This is because cognitive conflicts will arise and through the resolution 
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of these higher level understanding will occur. From a "motivational" perspective 
rewarding group performance is a critical element in cooperative learning because this 
creates peer norms and sanctions which support and encourage individual efforts. 
Slavin argued that there is little experimental evidence to support the developmental 
perspective. 
2.6.2 Cooperative and collaborative learning 
The belief that social interaction facilitates cognitive development derives from the 
influence ofVygotsky (1978) and Piaget (1926), although these writers do not specify 
exactly how this may happen. Vygotsky claimed that the social context of learning 
extends the "zone of proximal development", providing the student with "scaffolding" 
or support which allows him or her to make more progress than is possible alone. 
Pia get considered that the social situation provided controversy, which results in 
learning if it is identified and resolved. Linn and Burbules (1993) pointed out that 
both these views oversimplify the social situation and that many factors can operate 
effectively against learning for some students in a group. 
Linn and Burbules (1993) proposed that mucb advocacy of group learning (both 
cooperative and collaborative) oversimplifies important issues concerning the social 
structure of groups, the goals of individuals in groups and the diverse nature of 
knowledge construction. They noted that "most research groups start with the 
premise that social interaction facilitates cognitive development" (p. 60), but pointed 
out that there is much disagreement about how and when working in groups results 
in learning. They suggested that group learning may be effective for attaining some 
educational goals but counterproductive for others. 
Linn and Burbules noted that group learning encompasses many different activities. 
One may stress the communicative aspects, such as negotiating, planning, explaining, 
directing, contributing, co-ordinating and joint negotiation of understanding. They 
33 
reported that researchers have investigated the following mechanisms m group 
learning: 
1 motivation to meet group expectations 
2 appropriation of ideas of others 
3 access to distributed knowledge 
4 negotiation of understanding 
5 monitoring of progress 
6 hints or feedback 
7 division of the task 
and they discussed how these may produce cognitive and social gains. They noted 
that many of these mechanisms apply also to individual work and are characteristics 
of productive learners. These mechanisms were encompassed in Barnes and Todd's 
(1977) list of communicative behaviours which they considered together constitute a 
social construction of understanding. 
Resnick and Nelson Le-Gall (1987) reported the use of collaborative groups to 
. 
improve interpretation and meaning construction in mathematics. They considered 
that group work sets up several conditions which may be important in developing 
mathematical competence: the modelling of effective thinking strategies, critiquing 
and shaping of thinking, motivation (through encouragement and support for efforts) 
and scaffolding (less able students are able to be part of successful problem solving 
which they were not yet able to achieve alone). These "conditions" are similar to the 
"mechanisms" of Linn and Burbules above. 
Webb (1989) explored what happens in groups by studying the kinds of peer 
interactions which may have influenced student learning. She drew evidence from 
19 published studies in mathematics and computer science. In the groups studied 
students were expected to help each other to master material or solve a problem or 
set of problems. Webb suggested that "a complex combination of group composition 
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and student ability governs each student's experience in the group" (p. 31), but 
concluded that "the giving of high level elaboration to other members of the group 
is positively related to achievement" (p. 35). Webb noted, however, that the 
structure of the task and the reward structure will have powerful effects on the 
incidence of high and low level elaboration. For example, "groups with the goal of 
completing problems as quickly as possible may interact very differently from those 
who strive to understand the solution process" (p. 35). Significant predictors of high 
level elaboration included student ability, gender and the gender composition of the 
group. 
Webb and Kenderski (1984) investigated ability grouping and found that a student's 
relative ability in the group is significant, and that students of medium ability in a 
group with a wide range of abilities interacted least. These findings were supported 
in a recent study of science laboratory work by Jones and Carter (1994) discussed in 
Section 2.9. 
Webb (1989) constructed a model of peer interaction and learning in small groups. 
The variables used in Webb's model were concerned with an individual's cognitive 
processes, for example, "asks a low-level question", "receives high-level 
elaboration. " The model showed clearly that not all student experiences lead to 
success and that some failing experiences could be attributed to other students in the 
group. In her conclusions Webb noted that student behaviour cannot be understood 
in isolation from the sequence of interaction in the group and suggested a need for 
further study of group processes. 
Salomon and Globerson (1989) observed that the interaction in a team is not fully 
captured by variables such as those shown in Webb's model because these are 
concerned with an individual's cognitive processes. They drew attention to the social 
system involved in a team and the fact that behaviours and cognitions in the group 
become interdependent, developing over time in a reciprocal manner. Not only 
efforts but effort avoidance may become coordinated and shared. They described 
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examples of effects which work against team effort. Some of the common ones are 
the "free rider" effect (where more able members are left to do the work), the 
"sucker" effect (a more able member does not contribute for fear of doing all the 
work) and "ganging up on the task" (where members work together to minimise 
effort). The perceived high ability of some team members can create "status 
sensitivity" in some groups, with the higher status members sometimes dominating 
the group and controlling outcomes. Self-induced helplessness can result from self-
perceived incompetence; this is a problem for some girls in groups where males 
dominate. Most of these effects are more likely as group size increases. Salomon and 
Globerson reported that these debilitating effects are reduced with well structured, 
well scripted tasks but noted that no empirically based recommendations can be 
offered for exploratory tasks. Clearly peer interactions need to be more fully 
understood to clarify the nature of group learning. 
In addition to describing mechanisms of group learning, Linn and Burbules (1993) 
reported on the problems of group learning. Findings from their Computer as 
Laboratory Partner project which examined group problem-solving in middle school 
science classes over a five year period were reported. The aim of this project ~as to 
. 
explore the strengths and limitations of group learning and to investigate effective 
procedures for helping students to work in groups. Like Salomon and Globerson 
(1989) they reported that group behavioural norms frequently interfered with problem 
solving at many points in the process. For example, the first idea proposed was often 
accepted rather than alternatives being considered. This was the result of group 
pressure to move along. The idea of the most highly regarded student was often 
accepted even though the high regard did not come from expertise in science. There 
was sometimes unwillingness to consider evidence seriously if it was incompatible 
with expectation or everyday knowledge. Thus, as Salomon and Globerson similarly 
concluded, group work may in fact reinforce some negative behaviours with respect 
to learning. 
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Another observation from the CLP project was that students may lack discourse 
strategies. Two unhelpful models of discourse are common: firstly, the everyday 
model (under the influence of peer pressures), in which you are often silent if you 
disagree and secondly, the assertion of ideas with authority model, which is based on 
the model of teachers and textbooks. They concluded that "we must ask not only 
whether groups can construct knowledge, but also what knowledge the group is likely 
to construct" (p. 63). "Group members may contribute components of a good 
solution, yet the participants themselves may be no more knowledgable after making 
their contributions than they were before" (p. 63). 
In this section research into the effectiveness of group learning has been considered. 
Clearly, further research is needed. In science education, research into group 
learning has been fairly limited. It is of particular relevance to science educators 
since group work offers the opportunity for students to explain and defend their ideas, 
becoming the active learners described in the constructivist model of learning now 
popular amongst science educators. In the following two sections some studies 
concerned with groups learning science are discussed. 
2.7 Studies of cooperative learning in science classes 
A small number of studies have explored the use of cooperative learning in science 
classrooms. Some of these studies will now be discussed. The studies discussed in 
this section involved comparisons of cooperative learning with traditional classroom 
approaches. Overall learning outcomes were the focus of the analyses and group 
processes were not explored. Studies exploring group processes are considered in the 
following section. The first three studies of cooperative learning considered here 
reported no significant effect of cooperative learning on student achievement, and the 
following three found a positive effect, two on achievement and one on attitude 
towards laboratory work. 
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Lazarowitz, Baird and Hertz-Lazarowitz (1984) trialled a modified version of a task 
structuring known as "Aronson's Jigsaw" with Grade 10, 11 and 12 science classes. 
Achievement was the same for the experimental and control groups but improved self 
esteem was observed. The writers supported the use of this approach but stressed the 
need for the teaching of cooperative skills and the use of both cooperative and 
competitive approaches. They noted that the more able students were least interested 
in cooperative effort. 
A similar finding of no significant effect of cooperative learning on achievement was 
reported by Chang and Lederman (1992), although in this case the students were in 
Grade 7 and performing practical work. They compared two levels of cooperation, 
with and without allocated roles, both with a group report, with traditional 
instruction. In discussing their results they suggested that the effect of cooperative 
learning in the science laboratory may be less powerful than in other areas because 
"students normally cooperate in lab situations because they need to share equipment, 
materials and think together to solve encountered problems" (p. 3). This suggestion 
that sharing equipment and materials necessarily leads to thinking together is 
contradicted by others (Tobin, 1986; Salomon & Globerson, 1989; Linn & Burbules, 
1993). 
Burron, James and Ambrosio (1993) trialled cooperative learning in the laboratory 
work of pre-service elementary teachers. This study differed from the two discussed 
above in that teachers gave direct instruction in and modelled collaborative skills, as 
suggested by earlier researchers. Gains in the collaborative skills of students were 
considered to justify the use of cooperative learning, in spite of no significant gains 
in achievement. The importance of collaborative skills for the workplace was noted. 
Students involved in the cooperative learning group did show improved attitude 
towards science, which is a worthwhile outcome given the well-documented anxiety 
of pre-service teachers towards science. 
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The "Jigsaw" structure trialled by Lazarowitz et al. (1984) was also used by Watson 
(1991) in a study involving 36 classes of 14-17 year olds learning biology topics. 
Watson compared cooperative learning with traditional instruction and concluded, in 
contrast to the above three studies, that cooperative learning produced a significant 
difference in achievement. 
A similar positive outcome of cooperative learning was reported by Basili and 
Sanford (1991) in a conceptual change study. They gave students in cooperative 
groups tasks to elicit their misconceptions of certain science concepts, and incentives 
to discuss these and arrive at a group consensus regarding each concept. Students in 
the treatment groups had a significantly lower proportion of misconceptions than 
control students on four of the five target concepts. In agreement with Lazarowitz et 
al. (1984), Basili and Sanford recommended the teaching of social skills for effective 
cooperative learning. 
The effect of cooperative learning on student attitudes towards laboratory work in 
biology was investigated by Okebukola (1986). When compared with a control group 
given teacher demonstrations and individual practical work, attitudes in the treatment 
group improved and the effect was particularly noticeable amongst girls. 
As illustrated by the conflicting findings of these studies the effectiveness of 
cooperative learning in science is still open to further research. In a recent review 
of research into laboratory work Tobin (1990) observed that "systematic research on 
the manner in which cooperative learning can be employed in laboratory activities is 
a priority in science education" (p. 406). 
2.8 Studies of group interactions in science classes 
In his 1990 review of laboratory work in science education, Tobin observed that 
interactions in groups doing science practical work had rarely been studied. A 
literature search confirmed this but also found that since Tobin's review some studies 
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of group processes have been carried out, but mostly with emphases different from 
the present study. The number of such studies dealing with practical work is quite 
small but other studies dealing with group discussion in science classrooms are also 
relevant to this study and thus are considered in this section. A selection of these 
studies will now be reviewed and related to this study in order to show how this study 
fits in the context of studies with similar concerns. Some studies focussed mainly on 
the cognitive content of group interactions and these are discussed first. The 
remaining studies reviewed investigated the social aspects of interactions and sought 
links between these and learning or problem solving. 
2.8.1 Studies with a focus on the cognitive content of interactions 
Several studies have analysed group interactions during science classes with an 
interest in describing the cognitive processes of the interactions rather than the social 
nature of the interactions. For example, Lehman (1990) recorded verbal interactions 
of pairs of students performing chemistry experiments after they had been instructed 
to think aloud. Their interactions were categorised according to their cognitive focus, 
for example, as focussed on procedures or analysis of data, and a quantitative analysis 
was carried out. Student use of laboratory time was the concern of the study and 
Lehman found that most of the students 1 time was spent on procedural matters. He 
suggested that increased time spent on analysing data would lead to more effective 
laboratory experiences. 
With a similar interest in the cognitive processes of experiment, Meyer and Carlisle 
(1993) explored the practical experimenting behaviour of eight Year 4 and eight Year 
7 students working in pairs on an open-ended investigative task using magnets. They 
analysed the students I verbal and non-verbal actions in an interpretive manner in 
order to describe the different ways that students planned their experiments and 
collected data, the theories they used and their sequence of actions in relation to their 
first theory in the light of experimental results, and to infer the models of magnetism 
they were using. This was the only study of laboratory work found which explored 
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students' prior knowledge and the process of knowledge construction in the form of 
data analysis. Meyer and Carlisle concluded that students in these grades are very 
capable of designing and conducting experiments and recommended the use of open 
inquiry in order to encourage critical and creative thinking. 
2.8.2 Studies concerned with the social processes of interactions and how these 
relate to cognitive processes 
The following studies in science classrooms and laboratories focussed on the social 
processes involved in group interactions and sought links between these and learning 
or problem solving. These studies are most closely related to the present one which 
shares the same purpose of linking social and cognitive processes. 
A detailed study of group interactions of students solving (non-practical) Physics 
problems was made by Hollabaugh and Heller (1993). They coded individual 
statements into categories of behaviour. Their categories included categories of 
argument (challenges, claims, warrants, grounds and backings) and categories of 
social behaviour such as encouraging, supporting, and acknowledging. The in~erest 
of these researchers lay in connecting behaviours with successful problem-solving. 
In their final analysis it proved more effective to link group problem solving ability 
with types of episodes rather than types of statements. More effective problem 
solving groups tended to have more resolved episodes and more episodes connected 
to previous and following episodes. Effective groups also showed a high degree of 
elaboration which was considered to involve the use of multiple statement types 
including grounds, warrants, backings, clarification, summarising statements and 
making alternate claims. The linking of success in group work with a high degree 
of elaboration was also reported by Webb (1989), as discussed in Section 2.6, and by 
Jones and Carter (1994), as discussed later in this section. 
A second study (Barden & Pugh, 1993) examined the behaviours of groups of Physics 
students, this time performing laboratory work. Their interest focussed on the 
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strategies and skills the students used. From their data they drew five main categories 
of behaviour: integration, calculation, completion-of-task, observation and social 
interactions, which were each sub-divided into further categories. These categories 
of behaviour differed from those in other studies in that they included strategies 
specific to practical laboratory tasks as well as general cognitive or problem solving 
strategies. Some of these laboratory-specific strategies (particularly in the 
"completion of task" category) related to the much-observed student agenda of simply 
getting the task done and were often quite skilful, though not in the direction of the 
teacher's intentions. Barden and Pugh pointed out that identifying laboratory-specific 
strategies in observations of laboratory behaviour is important in providing a 
complete picture of laboratory processes. Social interaction sub-categories used by 
Barden and Pugh were task distribution and disagreement resolution, which parallel 
controlling and monitoring progress through the task and dealing with competition 
and conflict in this study. 
The only known study structured to examine the effects of group composition in 
science practical work was by Jones and Carter (1994) who observed Year 5 students 
working in pairs formed according to reading ability, in high-high, high-low and low-
low combinations. Their interest was in the social processes facilitating learning 
between different ability students. Categories of both social and cognitive behaviour 
were drawn from the data. Jones and Carter's study has clear implications for group 
work and science practical work since it demonstrated clearly the achievement gains 
for lower ability students when placed with more capable students. As the high and 
low ability students interacted, differences in their learning behaviours emerged and 
through supportive social behaviours the more able student focussed the less able 
student on the task and frequently modelled thinking processes and effective 
strategies. Other work by Jones and Carter (in press) is claimed to show that the 
higher ability students were not disadvantaged. The role of supportive behaviour in 
facilitating learning is clearly demonstrated and underlines the need to look carefully 
at social as well as cognitive processes. 
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Roychoudhury and Roth (1992) analysed the interactions of laboratory work groups 
in which students were allocated the roles of facilitator, technician, recorder and 
report content-checker and group reports were required. Using an interpretive 
approach four assertions were made regarding the interactions and two of these 
described processes specific to a "collaborative" construction of meaning. The 
processes of learning through elaboration (referred to earlier by Webb (1989) but not 
described) and group discussion leading to a consensus of understanding were 
described but, surprisingly, any effect of allocated roles was not discussed. This 
study shared the focus of the present research but tended to focus more on social 
aspects than on cognitive strategies, which this study also encompasses. 
Verbal interactions of small groups discussing science questions were examined by 
Basili and Sanford (1991) in a study concerned with conceptual change. The 
researchers looked for behaviours which fell into four categories based on Posner, 
Strike, Hewson and Gertzog's (1982) conditions for conceptual change: dissatisfaction 
with existing concepts, and the intelligibility, plausibility and fruitfulness of the 
"new" concepts. Basili and Sanford added categories which were seen to impede 
conceptual change. Overall, students who showed conceptual change and those. who 
didn't, showed similar frequencies of behaviours promoting conceptual change but 
the "no change" group had more impeding behaviours. Their study differs from the 
others discussed in not separating social and cognitive behaviours. It illustrates the 
variety of ways in which group work can be explored. However, distinct social 
factors did emerge in this study. Basili and Sanford studied group work with its 
absence of the teacher authority figure because they considered that for conceptual 
change to occur an atmosphere must exist in which students feel free to express their 
ideas. They reported, however, that leaders often emerged in groups and the quality 
of their leadership was a major influence on discussion. Poor leaders often prevented 
effective discussion by "rushing through questions and imposing their narrow view 
of the purpose of the task" (p. 302). 
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A study of group behaviour in open-ended problem solving in practical science by 
Gayford (1992) provided support for Basili and Sanford's observations about 
leadership. Gayford explored the patterns of group behaviour in open-ended problem 
solving in practical science classes with an interest in the effect of different group 
dynamics on understanding of the task and motivation towards problem solving. Five 
main styles of group behaviour were observed, ranging from a style totally dominated 
by one leader to that of a democratic team where planning and implementation were 
shared amongst members. Understanding of the problem and its solution was greatest 
in the democratic teams and poorest in the teams with a dominant leader. This is 
consistent with Basili and Sanford's findings, although it raises the question of the 
effect of "good" leadership. 
Advocates of cooperative learning have long recommended the teaching of social 
skills for group work and studies have provided further evidence of the need for this 
in the context of science education and laboratory work in particular (Gayford, 1992; 
Basili & Sanford, 1991). As pointed out by other researchers (Salomon & Globerson, 
1989; Linn & Burbules, 1993) discussed earlier, in research social factors must be 
considered in establishing a complete picture of group learning. 
Unlike the studies discussed so far, which used qualitative methods, Chang and 
Lederman (1992) took a quantitative approach, using a structured observation 
instrument to record the investigative skills of students performing practical activities. 
These skills were managing, manipulating, observing, reading, writing and reporting. 
Social skills were noted in a limited way, (simply "discussing" and "encouraging") 
and also non-learning behaviours ("waiting" and "off-task"). Chang and Lederman 
considered collaboration to include investigative skills and social skills. Chang found 
no significant correlation between any collaborative behaviours and achievement. It 
is difficult to consider the investigative skills listed as collaborative and in any case 
the interaction of the large number of variables operating in any group suggests that 
it would be unlikely for one alone to correlate with achievement. Surprise was 
expressed that student "discussing behaviour" did not correlate with achievement but 
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more qualitative evidence would surely be needed to reveal the nature of the 
discussions. 
Kempa and Ayob (1991) also took a quantitative approach to the study of group 
interactions in secondary science classes planning but not carrying out experimental 
investigations. They identified social and cognitive interactions and coded these two 
types of interactions into sub-categories. Cognitive interactions were categorised as 
"describer", "explainer" or "insight" level and social interactions as "seeking 
approval", "expressing approval", "seeking guidance", "supplying advice" 
(supportive behaviours) and "issuing instructions" and "expressing disapproval" 
(related to conflict). They reported a low frequency of the higher level cognitive 
exchanges ("explainer" and "insight" levels) and this led them to the conclusion that 
"any problem solving as such is more of an 'individual activity', rather than the 
result of the sharing of ideas within a group" (p. 353). This conclusion regarding the 
low level of cognitive engagement supports Lehman's (1990) results mentioned 
earlier. Lehman found that the main focus of student attention was procedural 
matters rather than the higher level of data analysis. The studies differed however 
in involving practical and non-practical tasks. 
In Kempa and Ayob' s (1991) study over 82% of the social interactions were placed 
in the supportive behaviour categories, demonstrating as did the Jones and Carter 
(1994) study above, the importance of this kind of behaviour in group work and the 
need to consider it in research into science learning. 
2.9 Conclusion 
In this chapter the background to this study has been described, through a discussion 
of recent literature relating to the role and effectiveness of laboratory work in science 
education, how students learn science and the use and effectiveness of group work. 
How understanding may be socially constructed and recent studies of group 
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interactions during science classroom and laboratory work have also been considered. 
The literature reviewed reveals the need for further research in both the areas of 
science learning through practical work and group learning. In both areas reviewers 
have drawn attention to the need for more understanding of group processes if the 
conditions for effective learning in groups are to be elucidated (Tobin, 1990; Cohen, 
1994). This study explores the interactions and the science learning of a group of 
students, thus making a contribution in both these research areas. 
In the next chapter the methodology of the study is described. 
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CHAPTER THREE 
METHODOLOGY 
3.0 Introduction 
In this chapter the methodology used in this study will first be described and 
discussed. An interpretive methodology was chosen to address the aim of the study, 
which was to explore the interactions of a group of students doing science practical 
work. The subjects and the methods used shall then be described in detail. Lastly 
the issues of validity, reliability and ethics will be considered. 
The study was conceptualised within a constructivist paradigm (Driver, 1989; Guba 
& Lincoln, 1989; Wheatley, 1991). Firstly, the researcher holds a constructivist 
view of learning, seeing the students' learning as being personally and socially 
constructed rather than being passed on from the teacher. Secondly, the researcher 
viewed her interpretation of the data as one of many possible "constructions", 
. 
influenced by her own values and beliefs and conceptual frameworks. Thus this 
account of what happened in the group studied is not a description of a reality "out 
there", but rather an interpretive account from the researcher's perspective. 
3.1 Interpretive methodology 
This study used an interpretive methodology as described by Erickson (1986). 
Erickson used the term interpretive to refer to a family of approaches, including 
ethnography, qualitative, participant observational, case study, and phenomenological 
approaches. All these approaches vary from each other but have in common "a 
central interest in human meaning in social life and in its elucidation and exposition 
by the researcher" (p. 119). 
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Interpretive fieldwork has its origins in late nineteenth century anthropology and 
developed under the influence of German social scientists and philosophers, 
particularly Weber and Husserl and to some extent Marx (Erickson, 1986). For these 
philosophers the meaning perspectives of individuals were central to the 
understanding of human phenomena. By contrast the French philosophers Durkheim 
and Comte were concerned with the "facts" of human behaviour. By the 1920s 
interpretive fieldwork in the form of ethnography was finally accepted and it has 
become widely used since then, though not in educational research until after the 
second world war (Erickson, 1986). 
Erickson (1986) describes the most fundamental difference between an interpretive 
approach and other approaches as being its assumption about the nature of cause in 
human relations. Earlier approaches have focussed on outwardly expressed 
behaviours as cause, with little attention to the phenomenological perspectives of 
individuals. In the interpretive view meaning interpretations are taken to be the cause 
of human actions. The focus of interpretive research is action, not behaviour. Action 
in the interpretive view means behaviour plus "the meaning interpretations held by 
the actor and those with whom the actor is engaged in interaction" (pp. 126-127) . 
. 
This basic assumption makes qualitative methods such as those used in this study 
more appropriate than quantitative ones for interpretive fieldwork since they provide 
opportunities for the elucidation of meanings individuals hold in a particular social 
setting. 
An interpretive methodology was also chosen for this study because its central 
concerns include "the nature of classrooms as socially and culturally organised 
environments for learning" and "the nature of the meaning-perspectives of teacher and 
learner as intrinsic to the educational process" (Erickson, 1986, p. 120). Focusing 
on group processes and a social construction of understanding in groups involves both 
these concerns. 
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In addition interpretive methodology is best for answering questions such as "what 
is happening, specifically, in social action that takes place in this particular setting?" 
and "how is what is happening in this setting (the practical group) as a whole related 
to happenings in other system levels outside and inside the setting?" (Erickson, 1986). 
In this study these questions were being addressed. 
3.2 Subjects 
In this study the subjects were first year pre-service teachers doing practical work in 
a group as part of their Science Foundations subject. In this subject groups consisted 
of 3-4 students who choose to work together. Student involvement in the study was 
voluntary. In the role of teaching assistant the researcher observed informally all the 
groups in the class working over a period of eight weeks. The researcher then invited 
one group to allow themselves to be videotaped while doing their practical activities. 
The group invited to participate was selected for two reasons. Firstly, they were 
highly verbal and thus could be expected to provide rich conversations as data. 
Secondly, this group was of particular interest because it included two recent school 
leavers and two mature-age students. It was considered that this combination of 
students could result in discussion which may throw light on two important aspects 
of science learning: firstly, on the culture of school science, through the school 
leavers' explanations to the novices; and secondly, on the view that everyday thinking 
and scientific thinking differ in ways that make science learning difficult (Solomon, 
1983; Reif & Larkin, 1991). The researcher was interested in exploring the 
possibility that the mature aged students, having had no formal science instruction, 
would tend to use everyday thinking rather than a scientific approach and, if this was 
so, the role this everyday thinking played in their science learning. All members of 
the group were female. 
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3.3 Context 
The general aim of the Science Foundations subject is to build the students I 
understanding of basic science concepts. The role of the practical work as described 
in the subject outline given to students was to enhance the students 1 understanding of 
the concepts. Typical activities gave students the opportunity to explore "the nature 
of heat", "the relationship between mass and volume", "the effect of heat on matter", 
"pressure and its effects" and to investigate electricity and magnetic fields. The 
activities were of the verification type, their concept content having been presented 
previously in lectures. General instructions were given in written form and on a few 
occasions students were asked to design an experiment. Questions about what was 
occurring were interspersed through the text of the laboratory manual provided. At 
the end of most groups of activities there were optional questions which gave students 
the opportunity to apply their conceptual understanding in new situations. Students 
in the Science Foundations course attended a one hour lecture and a two hour 
practical class each week. 
3.4 Data sources 
A variety of data was used. The principal source was four hours of videotape of the 
group doing practical work for two hours in each of two classes several weeks apart. 
About three hours after the first class videotaped a stimulated recall session was held 
(Schoenfeld, 1990). (This session is described in detail in Section 3.5.2.). After the 
stimulated recall activity, the students were interviewed as a group about their views 
and feelings towards science, practical work and group work. The stimulated recall 
session and the group interview were videotaped. Because during the group interview 
the students revealed that they held regular group discussions about the practical 
activities after each class, their discussion after the second class was also videotaped, 
since it was expected that this discussion would be a valuable data source in relation 
to the group interactions during the class. However, in this session the students 
discussed problems they had been having with drawing graphs so this videotape was 
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not transcribed or used as data. The students' practical reports for the activities 
observed were collected and analysed. Finally, the four students were interviewed 
individually, to explore further issues raised during the analysis and to seek the 
students' responses to the assertions derived from the analysis. The videotapes from 
the classroom observation, the stimulated recall activity and the group interview, and 
audiotapes from the individual interviews were transcribed by the researcher. 
The group of four students was observed using videotape during two practical classes 
several weeks apart. Observation was not carried out until the ninth week of the 
semester, by which time it was assumed that fairly stable practical groups would have 
formed. It was decided to wait this length of time for two reasons. Firstly, groups 
are social systems that traverse well-defmed developmental stages before they are free 
to devote optimum attention to content tasks (McKinley, 1983) and groups cannot 
work through these stages into a mature work stage in three or four sessions. Also, 
Barnes and Todd (1976) noted much less interaction in groups whose members did 
not know each other well compared with stable, established groups and interaction 
was the central interest of the study. For both these reasons videotaping did not 
commence until the ninth week of the semester. 
The need for a variety of methods of data collection and some of the issues associated 
with the particular methods used will now be discussed. 
3.4.1 Triangulation of data 
With any method of data collection the method itself may limit what will be revealed. 
Schoenfeld (1990) observed: 
Any particular approach to studying intellectual behaviour is likely to 
illuminate some aspects of that behaviour, to obscure other aspects of 
it, and to distort some beyond recognition. Of necessity the same 
phenomenon must be investigated with a variety of methodologies, and 
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from a variety of perspectives. Only then is there a chance that the 
artifactual behaviour resulting from the use of particular 
methodologies can be separated from the behaviour that is inherent to 
the phenomena being investigated. (p. 283) 
It is thus necessary to use different perspectives in examining a phenomenon, or to 
triangulate. This enhances the validity of findings from the data. However Greene, 
Caracelli and Graham (1989) noted that it is also important to consider how these 
perspectives are used or combined in the data analysis. In this study, data from 
observation, stimulated recall, group and individual interviews and written reports 
were used in the classic, convergent sense of triangulation as well as with the 
complementary purpose Greene et al. (1989) described. That is, in using several 
different methods of data collection the researcher sought convergence towards 
consistent fmdings but also looked in the different forms of data for insights into 
different aspects of the phenomena under study. 
Examples of the use of triangulation in a convergent sense are as follows. Firstly, 
the umprompted raising of certain issues by the students during the stimulated recall 
and group interview sessions, provided support for the researcher's interpretation of 
parts of the videotape transcripts from the practical class. Secondly, each student was 
invited to respond to some preliminary assertions from the data analysis in their 
individual interviews. Both these examples involve a search for the convergence in 
the findings. 
The following are examples of the use of triangulation with a complementary 
purpose. While the principal data source (videotape of the students doing their 
practical activities) provided evidence of student behaviour, the stimulated recall 
session and the group and individual interview provided rich insights into how the 
students viewed themselves and their group, their approaches to learning science, 
their attitudes to practical work and group work and the relationships within the 
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group. These insights presented different perspectives on the students, 
complementing the observation data from the practical classes. 
The written practical reports were used for convergence and complementarity. They 
provided support for the researcher's interpretation of the focus of the group's 
attention during the practical class but also insights into what students considered to 
be the aim of each activity and their construction of the teacher's questions. 
3.4.2 Non-verbal data 
Non-verbal aspects of the video recordings were an important data source. The 
videotapes were transcribed by the researcher who was familiar with the practical 
activities through her role as a teaching assistant in the class. This familiarity 
facilitated the interpretation of much non-verbal data (particularly actions with 
equipment) which was then recorded in the transcript. Non-verbal aspects of the 
students' interactions (such as laughter, physical contact) were also recorded. 
3.4.3 Verbal data 
Most of the data used in this study was verbal. However for some researchers verbal 
data is controversial. Schoenfeld (1990) discussed the controversial history of verbal 
data and the issue itself. He observed that while verbal methods were unacceptable 
through the 1960s and much of the 1970s, attitudes to them have changed over the 
past decade. However, he noted that whilst new approaches are being explored, 
opinions and evidence regarding their fundamental natures, the rationales underlying 
their use and their reliability are divided (p. 275). 
In discussing their model of human cognition and of concurrent verbalisation, 
Ericsson and Simon (1984) argued that verbal data can indicate thought processes. 
Viewing cognition from an information processing perspective, stimuli are subjected 
to cognitive processing using sensory, short-term and long term memories. 
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Information flows in a definite pattern and only information in short term memory 
(existing information and that transferred from long term memory), is available for 
verbal reports. Thus verbal reports reflect to some degree the content of this memory 
and provide clues as to what information from long term memory and/or the 
environment is being heeded. 
Schoenfeld (1990) claimed that issues of reliability in relation to verbal data are 
unresolved. He noted that: 
Subjects' behaviours in experimental settings can be shaped by a wide variety 
of subtle but extremely powerful factors. In studies that generate verbal data, 
factors affecting verbal behaviour may include the subjects' responses to the 
pressure of being recorded (resulting in a need to produce something for the 
microphone), their beliefs about the nature of the experimental setting (certain 
methods are considered 'legitimate' for solving problems in a formal setting, 
others not), and their beliefs about the nature of the discipline itself. Despite 
all the methodological safeguards one may employ, there are no guarantees 
that the participants in laboratory experiments will be acting in accord. with 
the ground rules that were established for them. In consequence, appropriate 
caution needs to be taken in interpreting the verbal data that they produce. 
(pp. 277-278) 
One approach to verbal data has been to analyse it into categories (Lehmann, 1990; 
Kempa & Ayob, 1991; Hollabaugh & Heller, 1993). Barnes and Todd (1977) 
discussed the difficulties in categorising verbal data from group interactions, 
particularly with respect to ascribing meanings to utterances. They observed that 
firstly, a great deal may occur in a single utterance and that it is not therefore possible 
to put utterances into categories on a one-to-one basis. And secondly, "meanings for 
what is going on in the conversation are constructed not from any one utterance on 
its own, but from cycles of utterances, perhaps over quite lengthy sections of the 
interaction" (p. 17). In addition such cycles are not readily isolated. 
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Barnes and Todd also observed that when we analyse talk we are trying to "feel our 
way into the meanings the participants made for the interaction as it happened" (p. 
17). Because of the difficulty of doing this with any certainty, their approach was "to 
separate out from the very complex meanings negotiated in the discussions some of 
the more visible phenomena to make sense of these" (p. 17). 
Ericsson and Simon's (1984) position (stated in Section 3.4.3) was accepted for this 
thesis and the overall approach taken was consistent with that used by Barnes and 
Todd (as described in Section 3.4.3), where sense-making was attempted at the most 
visible level of phenomena whilst acknowledging the existence of more complex 
meanings. Reliability was fully considered and is discussed in detail in Section 3. 7. 
The methods of data collection used will now be discussed in detail. 
3.5 Methods of data collection 
3.5.1 Observation (videotape) 
The students were videotaped during two practical classes and while they participated 
in the stimulated recall and group interview sessions after the first practical class. 
These videotapes were transcribed. 
Videotapes were used in preference to audiotapes or field notes because of the 
complexity of the situation being observed. Doing practical work involves students 
in the manipulation of equipment. Observing their physical actions and the exact 
nature of the equipment is as important as hearing their talk if one is to interpret their 
behaviour. In addition a videotape recording shows many non-verbal features of 
behaviour, such as facial expressions and physical contact, which are important 
sources of data in building an interpretation of behaviour. 
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Transcriptions of the videotapes included non-verbal aspects considered important to 
an accurate reading of the text. To avoid reification of the transcript data (that is, its 
being seen as the data itself rather than an abstraction from it), on occasions the 
videotapes were re-viewed by the researcher to clarify certain issues. 
In order to reduce the impact of the video camera on the students' behaviour, several 
groups were videotaped in preceding weeks so that the video camera became a part 
of the classroom environment. When asked by the researcher at the end of the study 
about the impact of the camera on their behaviour, the students in the group studied 
declared that they had worked as they usually did, regardless of its presence. 
3.5.2 Stimulated recall 
As suggested by Schoenfeld (1990) the method of stimulated recall was used as a 
source of triangulation. Stimulated recall is a technique involving the use of 
audiotaped or videotaped material to stimulate recall of thought processes at the time 
of the recording of the material. It is assumed that "the cues provided by the 
audiotape or videotape will enable the participant to 'relive' the episode to the extent 
. 
of being able to provide, in retrospect, an accurate verbalised account of his original 
thought processes" (Calderhead, 1981, p. 212). This technique has been used to a 
small extent in a variety of educational contexts, including classroom-based research 
into teacher thought processes and decision making while teaching (Calderhead, 1981) 
and research into problem solving (Schoenfeld, 1990). 
Three kinds of factors may limit the status of data collected by stimulated recall 
(Calderhead, 1981). Firstly, anxiety may influence recall or the extent of reporting, 
particularly in the case of teachers, who may feel that their teaching is being 
evaluated. Secondly, some areas of a person's knowledge may never have been 
verbalised previously and they may not be able to communicate about these verbally. 
In addition much behaviour becomes automatic and is thus difficult to talk about since 
one is barely aware of it. Nisbett and Wilson (1977) went further to claim that self-
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reports of higher order cognitive processes are impossible and that those claimed to 
be such are simply causal theories that subjects consider appropriate explanations for 
their behaviour. Thirdly, the structure of the interview may influence the subjects' 
responses. For example, the researcher's research model may be imposed on the 
subject, influencing them to respond in a particular way. 
To minimise the effects of these limitations, stimulated recall can be used in 
conjunction with other data sources, as was done in this study, where stimulated 
recall was a source of triangulation rather than the main data source. 
In this study stimulated recall was used for two reasons: firstly, to enhance 
interpretation of parts of the videotaped observation of the students doing their 
practical work (triangulation in the convergent sense, as discussed in Section 3.4.1) 
and secondly, to provide an opportunity for the students to reveal voluntarily 
additional data regarding the group and their behaviour during science practical 
classes (triangulation in the complementary sense). The latter did indeed occur and 
the stimulated recall session provided many interesting insights into the group's 
behaviour. 
The stimulated recall session was conducted as follows. The researcher viewed the 
videotape immediately after the class and chose three sections . in which the verbal 
interactions suggested that there was some difficulty (procedural, conceptual or other) 
for one of the students. These sections were re-played to the students later the same 
day, with the expectation that observing the students' responses to viewing these 
sections might reveal something of group processes in constructing understanding. 
Following Schoenfeld's (1990) approach students were shown the sections twice. 
Firstly they were shown "unprompted", that is, without comment from the 
researcher, apart from an introduction to the segments as being parts of the practical 
work that the researcher was interested in exploring. This first playing back gave the 
students time to react to and become accustomed to seeing themselves on videotape. 
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It also provided data in the form of spontaneous comments. The sections were then 
replayed with the researcher asking specific questions to illuminate what was 
occurring in the group interactions during the practical class. 
3 .S .3 Group interview 
A group interview was conducted immediately following the stimulated recall session 
after the first practical class. The aim of this interview was to explore individual or 
group attitudes to science, science practical work and working in groups, how the 
students learn science, how they go about writing up their laboratory activities and 
how they see the role of science practical work in science education. They were also 
asked about their science background (subjects taken and school level completed). 
This interview was conducted "with a general guide" (Patton, 1980), using a checklist 
of the above issues to be explored but not limiting its content to these. 
A group interview (in addition to individual interviews) was chosen for two reasons. 
Firstly, a group interview provides individual students with support and thus more 
power in relation to the interviewer. In this situation they are more likely to speak 
freely about their concerns and thus provide more valid data. Secondly, it was 
expected that during such an interview, aspects of the social system within the group 
may be revealed, which may help the researcher to make more realistic interpretations 
of the videotaped observations of the group. The group interview was videotaped and 
transcribed. 
3.5.4 Individual interviews 
Individual interviews were conducted when analysis of the data was well advanced 
and the researcher had formulated some preliminary assertions. These interviews had 
three principal aims: firstly, to do a "member check" on these assertions and 
secondly, to explore further some questions of interest. These questions arose out 
of consideration of the data already collected, since many aspects of it led to 
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consideration of the range of factors influencing the student's learning. The third aim 
of these interviews was to explore the roles that individual students played in the 
group. It was considered that they would be more likely to discuss this without other 
members of the group being present. 
These interviews were audiotaped and also transcribed. By the time these interviews 
were conducted the researcher had established a relationship of trust with the 
students, through the previous data collection sessions and a continuing helping 
relationship with them in their ongoing practical classes. Thus one of the main 
limitations of interviewing was overcome, enhancing the validity of the data collected. 
3.5.5 Practical reports 
The students in this subject were expected to hand in individual written reports of all 
the practical classes at the end of the semester. Group members' reports for the 
videotaped activities were photocopied by the researcher (with the students' 
permission) and analysed. It was considered that these could provide evidence of 
student understanding of concepts illustrated by the practical work. How the practical 
work was written up could also provide insights which would assist in the 
interpretation of classroom behaviour. 
3.6 Data analysis 
The first step in data analysis of the transcripts was speculative analysis, during which 
the researcher recorded inital, speculative comments on the transcripts. Some of 
these comments involved initial ad hoc judgments but these were made with the aim 
of becoming aware of these and thus minimising the influence of these initial 
reactions on subsequent analysis, as suggested by Woods (1986). 
The first three research questions (outlined in Chapter 1) focussed the researcher's 
attention during the reading of the transcripts. With respect to Research Question 1 , 
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evidence was sought for the learning of science concepts (as described in more detail 
in Section 4. 3). Research Questions 2 and 3 were addressed by a search for the 
categories of behaviour described by Barnes and Todd (1977) in their model of 
collaborative learning. Barnes and Todd's model is now given and discussed. 
Barnes and Todd (1977) studied group interactions (their study is discussed in Section 
2.5) and developed the following social and cognitive functions of conversation in 
group discussion. The functions described were grounded in their data and were not 
intended to be exhaustive. On one level they noted certain discourse moves and 
logical processes and on a second level social skills, cognitive strategies and 
reflexivity. Reflexivity means the showing of a higher degree of self-awareness either 
in the social skills or the cognitive strategies. This model developed by Barnes and 
Todd is given below in Table 1. 
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Table 1 
Social and Cognitive Functions of Conversations 
(Barnes & Todd, 1977) 
LEVEL ONE 
(i) Discourse Moves 
(a) Initiating (b) 
(ii) Logical Processes 
(a) Proposes a cause 
(b) Proposes a result 
Extending 
Qualifying 
Contradicting 
(c) Eliciting 
Continue 
Expand 
Bring in 
Support 
Information 
(c) Expands loosely (e.g. descriptive details) 
(d) Applies a principle to a case 
(e) Categorises 
(d) 
(f) States conditions under which statement is valid or invalid 
(g) Advances evidence 
(h) Negates 
(i) Evaluates 
(j) Puts alternative view 
(k) Suggests a method 
(1) Restates in different terms 
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Resporxling 
Accepting 
Table 1 ( cont' d) 
LEVEL TWO 
(iii) Social Skills 
(a) Progress through task Given questions 
(b) Competition and conflict 
(c) Supportive behaviour 
(iv) Cognitive Strategies 
Shifting topic 
Ending a discussion 
Managing manipulator tasks 
Competition for the floor 
Contradiction 
Joking 
Compelling participation 
Explicit agreement 
Naming 
Reference back 
Explicit approval of others 
1 Constructing the question Closed tasks 
Open tasks 
2 Raising new questions 
3 Setting up hypotheses 
4 Using evidence 
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Beyond the given 
Explicit hypotheses 
Anecdote 
Hypothetical cases 
Using everyday knowledge 
Challenging generalities 
Table 1 ( cont' d) 
5 Expressing feelings and 
recreating experience 
(v) Reflexivity 
(a) Monitoring own speech and 
thought 
(b) Interrelating alternative 
viewpoints 
(c) Evaluating own and 
others' performance 
(d) Awareness of strategies 
Expressing ethical judgments 
Shared recreation of literary experience 
Own contributions provisional 
Validity to others 
More than one possibility 
Finding overarching principles 
Audience for recording 
Summarising 
Moving to new topic 
In analysing group interactions and demonstrating collaboration Barnes and Todd 
used only four of the five categories shown in the table. They did not consider the 
"logical processes" to be a useful form of analysis because they found that the logical 
relationships in the discussion were more often left implicit than given verbal form, 
so that the logical antecedents of utterances were frequently ambiguous or difficult 
to determine. 
Barnes and Todd concluded that the social skills and discourse moves they described 
were essential to collaboration and that cognitive strategies were carried out by means 
of these. They found little evidence of reflexivity and noted the difficulty of 
observing the occurrence of this, since much self-awareness and reflective thought is 
not expressed. For this reason reflexivity was not considered in this study. Similarly 
logical processes were also not considered since they were abandoned by Barnes and 
Todd in applying their model. 
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Assertions relating to the first three research questions were then generated from the 
data according to Erickson's (1986) model, in which preliminary empirical assertions 
were made and these assertions were then tested by further study of the whole body 
of data. This testing involved a search for discrepant cases which sometimes led to 
re-viewing of the videotapes to clarify interpretation. 
3. 7 Trustworthiness 
This study was based on the constructivist paradigm and used an interpretive 
methodology. Validity and reliability will now be considered from the point of view 
of Guba and Lincoln (1989), who challenged the traditional (that is, positivist) 
concepts of validity (internal and external) and reliability. They proposed a set of 
four parallel "trustworthiness" criteria: credibility, transferability, dependability and 
confrrmability These criteria will be now be used to demonstrate the equivalents of 
validity and reliability in this study. 
Credibility is assured by six conditions. It will now be shown that these conditions 
were met. The first condition of prolonged engagement was ensured by the 
researcher's involvement with the class as a teaching assistant for eight weeks before 
the observation commenced. During this time the researcher became part of the 
culture of this particular classroom and through interacting with the group which was 
later studied established trust through a helping relationship with them and was able 
to verify that the taped sessions were typical. 
The second condition of persistent observation was met by the researcher's 
observation of the group's approach to practical work through her interactions with 
them for the eight weeks prior to videotaping, followed by the four hours of 
videotaped observation. Further, the videotaping was conducted in two classes 
several weeks apart, thus providing a sample over time which could be expected to 
provide a more representative example of their behaviour than would a single sample. 
In addition, during the videotaped observation the students were involved in six 
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different activities, thus providing a variety of content contexts over which they were 
observed. 
Thirdly, the researcher engaged in peer debriefing with a disinterested peer 
throughout the data analysis. This involved extended discussions of tentative 
analyses, the posing of searching questions about the researcher's perspective and 
methodology and the provision of support and encouragement. 
The fourth credibility criterion met in this study is negative case analysis, which is 
the revising of working hypotheses when further data is found to be inconsistent with 
previous hypotheses. A preliminary analysis of the data led the researcher to propose 
seven tentative assertions about the group's interactions during practical work. 
Through further detailed analysis of the data and peer debriefing these were slowly 
revised to a fmal three assertions. Thus a process of revising hypotheses was carried 
out. 
Fifthly, the researcher engaged in progressive subjectivity, monitoring her own 
developing construction through regular discussions with her peer de briefer. . Her 
interpretation, or construction of the group's interactions changed many times over 
the period of analysis. 
Finally, the last condition of credibility, member checking, was met, since in the 
individual interviews the students were invited to respond critically to the final 
assertions formed from the data. All four agreed that the assertions accurately 
described how they went about learning science through practical work and asked that 
their real names be used in any published account. 
Thus according to these criteria, credibility for this study is established. In order to 
complete the demonstration of "trustworthiness", the remaining three criteria of 
transferability, dependability and confirmability need to be satisfied. 
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In the constructivist view, transferability (parallel to "generalisability" in the 
traditional view) can be made possible by the provision of "thick" description so that 
a similar context can be reliably identified by a "receiver". The receiver, or person 
applying the research to a new situation bears the onus of proof, rather than the 
original researcher. This report has aimed to produce thick description by providing 
extensive details of the research setting, subjects and procedures, and analysis drawn 
from a variety of data sources. 
Confirmability can be demonstrated because the interpretations of this study can be 
traced to original sources, and dependability because the methods and processes used 
have been made explicit in this report. Thus the four criteria of "trustworthiness" 
have been satisfied and, in constructivist terms, "reliability" and "validity" have been 
established. 
3.8 Ethical aspects 
The researcher reciprocated the students 1 contribution to the research by being 
involved in their classes in a voluntary teaching role for most of the semester . 
. 
Participation in the study was voluntary. Students were invited to participate in the 
study one week prior to the planned observation and complete details of the students 1 
involvement were given. The purpose of the study was described as an exploration 
of how students learn science through practical activities. Students were assured of 
the confidentiality of the recordings (the researcher was the only person to view these 
and to read the transcripts) and of their non-use in evaluation. This was confirmed 
in writing using a statement by the researcher which each student signed. The 
students were keen for their own names to be used, so pseudonyms were not used as 
is usually the case. 
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3.9 Summary 
In this chapter the methodology used in this study has been outlined and the subjects 
and details of the methods used have been described. Finally, the issues of 
trustworthiness and ethics have been considered. This chapter provides the 
background to the data analysis presented in the next chapter. 
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CHAPTER FOUR 
DATA ANALYSIS 
4.0 Introduction 
As described in the previous chapter, the data consists of videotapes of the group 
doing four hours of practical work (including teacher instructions and whole class 
discussion), videotape of a stimulated recall session and a group interview after the 
first practical class, audiotapes of individual interviews and the students' practical 
reports. The main source of evidence was the videotapes of the group carrying out 
practical work, with the other sources being used for triangulation, as described in 
Section 3 .4.1. 
In this chapter an interpretation of the data is presented in the form of three assertions 
which resulted from the data analysis. Each assertion is first stated and then 
supported with evidence from the data analysis. The details of the process through 
which the assertions were developed from the data are given in Section 3.6. 
Before presenting the data analysis and interpretation, it is important to clarify some 
of the terms which will be used, that is, collaboration, understanding and consensus 
regarding observations. 
Collaboration 
Cooperation and collaboration are terms often associated with group work and 
sometimes used interchangeably. In this study collaboration is the term used and it 
is taken to mean more than cooperation. Whereas cooperation can mean simply 
working together to carry out a task, collaboration involves the sharing of ideas. It 
seems the more appropriate term if we are interested in the processes of group 
learning. McKinley (1983) describes the collaborative learning process as: 
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.... a discussion in which learners cooperate in identifying and 
exploring the nature and perceived adequacy of each other's 
perceptions, opinions and beliefs in a given area of study. The 
purpose is to help each other identify and examine the nature and 
bases of their understandings and the possibilities of alternative views. 
The purpose is not to persuade, to inculcate, or to seek a group 
consensus about "truth", for collaborative learning has nothing to do 
with producing a congruence of opinions on a subject or a concept. (p. 
13) 
Understanding 
Peel (1971) described five meanings of "understanding". Two of these were 
applicable to the context of this study: firstly, "being able to translate words into 
actions" and secondly, "seeing a problem in terms of higher level concepts" (p. 17). 
In Assertion 1 it is argued that the students were successful in constructing an 
understanding of the task. "Understanding" here is intended to mean "being able to 
translate words into actions", that is, knowing what to do and how to do it. In 
Assertion 3 "understanding science concepts" is discussed. In this case understanding 
is considered to be "seeing a problem in terms of higher level concepts" . 
Consensus regarding observations 
In Assertion 1 it is claimed that the students negotiated "consensus regarding their 
observations". This means that they discussed and agreed about what they were 
perceiving or measuring. This negotiation of consensus regarding observations was 
described by Wallace (1986). Examples of such negotiation of consensus are given 
in the discussion of Assertion 1 (Section 4.1). 
The data analysis for this study will now be presented in the form of three assertions 
with supporting evidence. 
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4.1 ASSERTION 1 
During the practical classes observed the students worked collaboratively and 
were successful in constructing understanding of the tasks. 
Using Barnes and Todd's three main categories of behaviour (discourse moves, social 
skills and cognitive strategies), as outlined in Section 3. 6, it will be demonstrated in 
this chapter that this group of students was working collaboratively in constructing 
an understanding of the tasks (See Appendices A and B). It will be shown first that 
they used the social skills and discourse moves necessary for collaboration. Then 
their use of cognitive strategies (facilitated by the social skills and discourse moves) 
will be discussed. It will be shown that their cognitive strategies were directed 
mainly to understanding of the task, that is, of what to do and how to do it. (The 
construction of understanding of science concepts is discussed in Section 4. 3.) 
Evidence is now presented under separate headings for each of the three main 
categories of behaviour used by Barnes & Todd (1977) in describing collaborative 
learning: social skills, discourse moves and cognitive strategies. 
4.1.1 Social skills 
Barnes and Todd described three main social skills essential to collaboration: 
controlling and monitoring progress through the task, dealing with competition and 
conflict and supporting each other. Evidence for each of these three social skills will 
be discussed in turn. 
4.1.1.1 Controlling and monitoring progress through the task 
Controlling and monitoring progress through the task was shared. Julie and Cherie 
took most responsibility but Marcia also contributed. Cassandra rarely spoke 
regarding progress but said in the group and individual interviews that she was 
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involved in the proceedings and felt free to contribute and to disagree. Following are 
examples of each of the students controlling or monitoring progress through the task. 
Cherie sometimes controlled progress through the task. For example, in the first 
practical class: 
Cherie: 
Julie: 
Cherie: 
Did you measure the mass of the cigarette lighter? 
Yes, and it is 16.2. 
O.K. So now what do we have to do 
is ... (looking at her lab manual) 
Julie also controlled progress through the task at times. For example, in the second 
practical class: 
Julie: 
Marcia: 
Julie: 
No you've got to do it here, look ... 
You shorten it by tightening it. 
Righto, Marcia, do what you were doing will 
you, and listen. 
Marcia (overlapping Julie above): 
It'll, it'll make it higher. 
Julie: And listen. We've got to work out which way 
we're going before the higher or lower. 
Righto, start plucking (Marcia plucks one of the 
strings) keep plucking, constantly. 
In the following extract Cherie and Julie conferred in monitoring and controlling 
progress. 
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Cherie to Julie (leaning over and pointing to her something on the page of the 
laboratory manual): We did that one haven't we, because we just basically did that 
one with that (pointing to the adjuster) 
Julie (reading): "Increasing the tension". 
Cherie: Which is what we just did. 
Julie: That's the same thing. 
Cherie: And so is "(c)". 
Sometimes Cherie appeared to take most responsibility for the task and to lead the 
group. On one occasion the others followed her lead and time was wasted because 
they tried to do something not required and impossible with the equipment provided. 
On this occasion and several others, when Cherie realised that they were confused she 
sought help from the teacher. In doing this she seemed to be taking responsibility for 
the group's progress. This occurred only four times during four hours of class time. 
Most of the time responsibility was shared and they persisted in working things out 
for themselves. 
Marcia tended to check on progress rather than take responsibility for it as Cherie and 
Julie did. For example, in the first practical class: 
Marcia: 
Cherie: 
Marcia: 
Cherie: 
Point six. So it's pretty instantaneous. 
(Pause) (All are watching the bubbles.) 
Are we supposed to be timing how long 
this takes? 
I don't think so, it doesn't say to (looking at the 
lab manual). It just says "stop the experiment 
when you have collected 200 centimetres cubed 
of butane gas. " 
Then what do we do with it? 
Then we've got to measure the mass of the 
cigarette lighter. 
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Cassandra's contribution is now considered. When asked by the others where they 
were up to, Cassandra always knew. This supported her own statement in the group 
and individual interviews that she was actively involved in what was going on. For 
example: 
Marcia: No, it won't weigh. It'd be point zap zilch of 
a gram. (Pause) So what are we trying to find 
out about this one. (to Cassandra) Where're we 
up to? (Looking at the lab manual that 
Cassandra is using) 
Cassandra: To establish a similar relationship between the 
mass of a solid and the volume of a gas, using 
dry ice. 
In the following extract Cassandra was checking on progress with Cherie. 
Cassandra: We haven't got much to go have we? (looking 
at the cylinder) 
Cherie: No, fifty. 
In the following extract Cassandra stated what had to be done next but there was no 
response from the others. The next statement to Cassandra was about whether she 
had recorded the volume. Perhaps she contributed less to controlling and monitoring 
progress because she had taken the role of recorder although one might expect that 
this put her in a good position to be aware of their progress through the task. 
Cassandra to Julie (while Marcia is speaking to Cherie): 
Julie: 
Marcia: 
We have to find the density now. 
Now we have to find the density now don't we? 
... dooviwhackers. 
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Cherie: 
Julie: 
Cherie: 
No, we have to find out (reading from the lab manual) 
if the amount of butane gas, 
Yes 
produced here (pointing to the top of the 
cylinder) from a given mass of liquid butane. 
Julie to Cassandra: You've got the 200 mL haven't you? 
In the following extract the others looked to Cassandra for knowledge regarding 
progress through the task but Marcia and Julie had already worked it out for 
themselves and did not wait for her reply. They may have been asking her as a way 
of including her in the discussion, which would also be an example of supportive 
behaviour (discussed later). 
Interestingly, on the same occasion, Cherie was not content with Marcia and Julie's 
interpretation but persisted in asking Cassandra. Cherie may also have been trying 
to include Cassandra, or she may have believed that Cassandra was more likely to be 
correct, perhaps because of her ability or science background. 
Julie (to Cassandra): 
. 
Now what do we do once we get it down to 200? 
Marcia (simultaneously with Julie's question): 
Ziggy zaggy bubbles, we've got little bubbles 
here. 
Julie (to group): 
What do we do when it's down to 200? 
(All looking towards Cassandra) 
Marcia: We measure what, we measure the cigarette 
lighter again, 
Julie: Yes 
Cherie (directly to Cassandra): 
Is that right? 
Cassandra: It doesn't say it, but ... 
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Julie: We know that, from our. .. 
Cassandra: You just have to measure it before and after ... 
Marcia (overlapping Cassandra's statement): 
Yeah so we got to measure it .. 
Cassandra: .. so we know how much has been used. 
Cherie: O.K. 
Cherie (to Cassandra): 
And how do we, like do we just measure it in 
grams? 
Julie: Yes 
Marcia (simultaneously with Julie): 
Cherie: 
Julie: 
Cherie: 
As well, we have to measure the same one that 
weighs, the same as we did before. 
I know that, but what was the weight of the one before? 
16.2 grams 
16.2 
Cassandra did not get involved with collecting and setting up equipment, leaving 
responsibility for this to the others (who shared it equally). For example: 
Julie: Okay. The next one is "when heated do all solids 
melt? Using dry ice, solid carbon dioxide, a similar 
relationship between mass of a solid and the volume of 
gas produced can be estimated. All you need for this 
experiment is a plastic bottle, stopper, balance, dry ice 
and beaker. " Marcia took the beaker (looking around 
the room). I shall go and get the beaker. I don't know 
where to find the dry ice. (Cassandra is still writing.) 
Cassandra: 
I don't know either. 
Julie: Don't go away! 
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Cassandra: 
Righteo! (Julie goes away. Cassandra is writing.) 
The above extracts show that no single person controlled progress through the tasks. 
Responsibility for this was shared, with Cherie and Julie leading and checking most 
strongly and both Marcia and Cassandra aware and involved, but to a lesser extent. 
The students were aware of the time constraints and the difficulty of getting through 
all the activities; they referred to the time remaining during the classes and also talked 
about the time pressure during the group and individual interviews. Despite this, 
when they began an activity they soon became absorbed in it, showing very little off-
task behaviour. 
The other two social skills considered by Barnes and Todd (1977) as necessary for 
collaboration are supportive behaviour and dealing with competition and conflict. 
During the observed classes there was much supportive behaviour and little overt 
conflict. In the next section examples of supportive behaviour will be given, and 
examples of dealing with competition and conflict will be given in the following 
section. 
4.1.1.2 Supportive behaviour 
Barnes and Todd described the following behaviours as supportive: 
1. explicit agreement 
2. explicit approval of others 
3. expression of shared feeling 
4. naming 
5. referring back 
After observation and analysis, it was decided to add to these two further behaviours: 
the consistent answering of each others questions and the showing of patience in 
explanation. These can be considered to be forms of the implicit approval of others. 
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Examples of each of these supportive behaviours will now be given. 
Explicit agreement occurred frequently throughout the two practical classes. For 
example, in the first practical class: 
Cherie: Was that right? 
Julie: Yes! 
Cassandra: Yeah because you're finding a ratio. 
In the second practical class: 
Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
I think they're just trying to say that, no matter 
what you do, or no matter what you change, 
whether you change, 
so long as you only change one variable, 
Yes 
you're going to get an effect. 
That's exactly what they're saying, one variable. 
Explicit approval of others 
In the following extract Cherie complimented Marcia on her contribution: 
Cherie to Julie: 
Did you hear what Marcia said? 
Julie: No 
Cherie: That was a really good point. 
(Cherie then restated what Marcia had said.) 
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On another occasion Marcia included Cassandra by drawing attention to her recording 
role, Julie supported this by complimenting her on her drawings and Cherie joined 
in: 
Cherie: Either the liquid's evaporating .. 
Marcia (interrupting, addressing Cassandra): 
Julie: 
Marcia: 
Julie: 
Cherie: 
Have you got really good notes about 
these bubbles that are zigzagging up the 
pipe? 
Oh has she ever, look! (pointing to Cassandra's notes, 
they all look towards them) She's drawn it. 
Oh, good girl! 
Excellent! 
Cassandra you're wonderful. 
Later in the same class Cassandra was specifically included by Cherie who moved 
over to her and asked, "How are you going over here?" In the second class Cherie 
encouraged Cassandra to join in the doing of an activity, the string telegraph, saying, 
"Go and have a listen, Cassandra." Cassandra responded by joining in, although 
briefly. 
Implicit approval of others through the answering of questions and patience shown 
In the following extract Cherie responded to Julie's question, patiently waiting as she 
wrote the answer down each time: 
Julie: Now it says here (reading) "Remember to identify the 
manipulated variables." Now in each case what is the 
variables that we changed? 
Cherie: 
Julie: 
Shortening and lengthening of the string (Julie is 
writing) was the variable in (a). 
Yeah 
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Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
The variable in (b) was the tension, which is using the 
Newtons. 
So the first one, we shorten and lengthen the string by 
bridge? 
Yes 
Yeah. And (b) 
... was the tension. 
On another occasion Julie was equally patient with Cherie: 
Cherie: Yeah, that's a liquid there, right (pointing to lighter) 
and that was point four of a gram, 
Julie: Yep! 
Cherie: and that's the gas (pointing to the cylinder) 
Julie (overlapping Cherie): 
the gas, so .. 
Cherie: It's "butane gas" gas. 
Julie: Yep! 
Cherie: And that equals 200 centimetres cubed. 
Cassandra: So one gram per 50 mL 
Julie: Yes 
Cherie: Was that right? 
Julie: Yes! 
The group's willingness to be supportive through listening and explaining is 
something they were aware of and felt committed to. This was mentioned explicitly 
in the group interview (See Section 4.2.2) No student in the group took a teaching 
role in any consistent way but they helped each other whenever help was needed. 
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Expression of shared feeling 
Shared feelings in the group were most frequently expressed in relation to the 
phenomena being observed. On several occasions there were enthusiastic expressions 
of interest made by Julie, Cherie and Marcia about what they were observing. 
Humour was evident on most of these occasions. Cassandra was more reticent but 
joined in when encouraged. 
In the first practical class, while watching bubbles of butane gas rising to the top of 
water in an inverted gas jar: 
Cherie: I like the little bubbles, I reckon it's good. 
Julie: Yes, and look at the formation that they're going up, 
they're not just going straight up ... 
Marcia (interrupting): 
Julie: 
Marcia: 
Julie: 
Yes they go ziggyzaggy . 
. . they go zigzag, but twirling at the same time, or is it 
twirling ... 
Yeah 
.. yeah twirling at the same time. I wonder if that 
means anything. 
(These three are watching the bubbles intently. Cassandra is still writing.) 
When they were watching dry ice apparently "steaming", Julie looked at the piece of 
dry ice Cherie was holding in the forceps.) 
Julie: 
Cherie: 
Julie: 
Isn't it unreal? 
Pretty groovy! 
See it spit out every now and then! 
80 
Later they placed a small piece of dry ice on some water in a beaker (not part of the 
activity) and observed enthusiastically: 
Cherie (moving the vapour with her hand): 
I like this! 
Julie: Yeah, don't you feel like Einstein? (Cherie & Marcia 
laugh. Julie feels the water in the beaker.) Yeah that 
is getting colder. 
A little later Cassandra became involved when Marcia encouraged her: 
(Marcia passes the beaker to Cassandra) saying: 
Cassandra: 
Marcia: 
Cherie: 
Julie: 
Marcia: 
Cassandra: 
Blow the smoke away. 
Wow! that's really misty now (taking the beaker from Marcia), 
from the gas. 
Blow the smoke away Cassandra, see! (Cassandra blows the 
vapour away from the top of the beaker and peers into the 
beaker.) 
It's white bubbles! 
Are they? 
Yeah 
I can't see it. 
Marcia to Cassandra: 
Julie: 
Marcia: 
Julie: 
You can't see it? 
Yes 
Give the girl my glasses! 
Oh excellent! 
(Cassandra passes the beaker back to Marcia.) 
Marcia: Now we, why, why is it so?! (She blows the vapour 
away again.) 
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In the second practical class, when beginning a sound modelling activity with a slinky 
spring, the students first played with it and shared their amusement: 
Cherie (playing with the slinky): 
I've never owned one of these. I always have 
wanted to. 
Marcia to Cassandra: 
Oh, look, buy her one for her birthday! 
(Cherie puts the slinky down on the desk.) 
Cherie: It used to walk. 
(Julie leans over and starts to play with it.) 
Marcia: It still does, if you do it right. 
(Julie tries to make it walk, smiling and laughing.) 
Cherie: I think it only walks down stairs doesn't it? 
(Marcia takes the slinky and tries to make it flip over.) 
In another sound activity involving talking to each other on a "string telegraph" there 
is much humour: 
Cherie: 
Marcia: 
Cherie: 
Were you saying my name? 
No 
I'm changing my ears! 
(They are all laughing.) 
Julie to Cherie: 
Marcia: 
Cherie: 
Take your finger away from the string. 
Did you hear that? (They all laugh.) 
You sound like Donald Duck! You can't hear me. 
You put it up to your ear and I'll ... 
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Shared feeling including humour was also evident in the stimulated recall session. 
When they first saw themselves on video there was much amusement but it was 
shared and supportive. For example: 
On the video Cherie says "Now we've got to try and work out." They respond as 
follows: 
Cherie: Now we've got to try and work out what, says Cherie. 
(She laughs and Julie joins in.) 
(They all watch for a few minutes without commenting.) 
Marcia: Who's the little short fat lady? (Cherie and Julie look 
towards her and smile.) 
On the video Cassandra says, "So one gram per fifty mls." 
Julie to Cassandra: 
Cassandra you spoke! (Cassandra 
laughs.) 
On the video Cherie says "Point one times fifteen equals five, okay." Julie says 
"Right". On seeing this Julie bursts out laughing. 
Marcia: I'm just looking around dumbfounded! 
(Julie bursts out laughing again.) 
Julie: So we see, look at you! (She nudges Marcia and they 
all laugh.) Now who concentrates! 
Perhaps the most important sharing of feeling was their common attitude to practical 
work and to the importance of discussion. This is discussed at length in Section 4.2. 
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Naming 
Naming is a significant behaviour in collaboration since to address someone by name 
implies an interest in his or her opinion. Throughout the transcripts of the practical 
work videotapes there are examples of the students using each other's names, as seen 
in the extracts quoted here and in later extracts. 
Referring back 
Referring back means making reference back to something someone has said or done 
earlier in the proceedings, either immediately prior or much earlier. This may be 
done implicitly when a student builds on or qualifies another's contribution. It may 
also be done explicitly. If a student mentions someone' s earlier contribution it shows 
acknowledgment and acceptance of that person's views, which is supportive 
behaviour. While explicit referring back did not occur frequently, the following 
extract gives an example of this kind of supportive behaviour: 
In the first practical class when the students were investigating the equipment,. Julie 
commented that the tubing intended to carry gas appeared to be solid. 
Julie: 
Marcia: 
Julie: 
Cherie: 
Julie: 
I'm not sure if it's wire or (passes the plastic tubing to 
Cherie) just sealing stuff, what do you call that? 
Maybe it's stuff to stop the water going through. 
Like a foam type of thing 
Yeah it could be stuff to stop the water from going 
back up. 
Yeah, true 
Here Cherie referred back to Marcia's suggestion. In this example the contribution 
referred to was an immediately prior statement, as were all the other cases of 
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referring back. Referring back to a much earlier contribution did not occur during 
the period of observation. 
Thus all five forms of supportive behaviour described by Barnes and Todd were 
observed in the group's interactions. 
Controlling and monitoring progress through the task and supportive behaviour were 
two social skills described by Barnes and Todd as essential to collaboration. The 
third social skill, dealing with competition and conflict, is now considered. 
4.1.1.3 Dealing with competition and conflict 
In the first practical class there were two occasions when conflict occurred. On the 
first occasion Julie and Marcia disagreed with Cherie on a procedural matter 
(deciding how many masses to add to a spring balance). Julie and Marcia stated their 
view several times and Cherie insisted on hers. Cherie succeeded in convincing them 
of her correctness and Julie accepted her argument. The following extract shows how 
the disagreement was resolved. Of interest is the humour and collaboration which 
immediately follow: 
Julie: To take it up to seven. And we want seven, so if we 
want seven we put six. 
Cherie: No we want seven point five. 
Julie: We want seven point five? Then we want six and a bit. 
Did you get that Marcia? 
Cherie (gently): 
Marcia: 
Cherie: 
Cherie: 
See I told you. 
And I'm going to have to put my little hand under here 
or we're going to have a little big accident! 
A little big accident. (Marcia laughs) 
Yeah because these weights just don't sit on properly. 
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Marcia: 
Julie: 
Marcia: 
No, they don't sort of thing. 
Well take it off there and slide it down. You've got to 
put that little hook, 
in the hole 
Julie: through the centre, in the correct way 
Cherie (putting the masses on the holder): 
I see how this works now. 
On the second occasion of conflict, this time over Marcia's accidental bumping of the 
equipment, Julie and Marcia argued over what happened, as shown in the following 
extract: 
Julie: 
Marcia: 
Julie: 
Marcia: 
Julie: 
Marcia: 
Cherie: 
Julie: 
Uh huh. Marcia! 
What? 
You moved the contraption! 
No I didn't! 
You did when you jolted. 
No I didn't. 
Oh calm down! 
I can prove it. Hey, hey (nudging Marcia, smiling) I 
can prove it. 
Marcia (simultaneously with Julie above): 
I looked around because someone else 
had actually tipped over the water. 
(Cherie and Julie laugh) How? This is 
science. Prove it! 
Julie: They're fairly large bubbles aren't they? 
Cherie intervened when Julie and Marcia began arguing. This is interesting because 
they are both much older than Cherie so one wouldn't expect her to exert natural 
authority over them. Her behaviour supports the suggestion made earlier that she felt 
86 
more responsible than the others for the group's progress, even though she did not 
act as an outright leader. Julie and Marcia gave the impression throughout the classes 
of being "good mates" and the tone of voice in the above exchange was light enough 
to suggest that this was not a serious argument. This is borne out by the fact that 
immediately after the disagreement they shared a private joke and Julie reassured 
Marcia physically, nudging her and smiling. 
These were the only observable incidents involving conflict in the first practical class, 
despite the fact that the group had some difficulty interpreting the tasks and the 
calculations. They also experienced the frustration of having to do one activity three 
times to get a result. They showed marked perseverance, which could be related to 
their "group perspective" (discussed later in Section 4.2). On both occasions of 
conflict, humour was used and a (seemingly) conscious effort was made to focus 
attention elsewhere. In the first case all three students involved in the disagreement 
immediately together sorted out a small practical difficulty, as if reasserting their 
willingness to collaborate. 
In the second practical class there was some tension in the group. It is difficult to 
know the source of this. The dialogue below occurred after much obvious difficulty 
with interpreting the task. Cherie's annoyance may have arisen from her tendency 
to feel most responsible for the group's progress. 
Marcia (reading): 
"The effect of shortening and lengthening the string property of 
sound." It becomes higher as the string becomes shorter, or tighter 
(looking towards Cherie) Is it tighter or shorter? 
Cherie (looking at Marcia's book): 
We're up to this one and this one! 
Marcia: 
Alright! Get picky! 
Cherie: 
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I'm not picky. I was just asking why you're back there. (While 
Cherie says this Marcia leans towards Cassandra, smiling.) 
Marcia (sighing and touching Cherie on the arm): 
It's alright. 
Conflict was avoided here because Marcia broke the tension by touching Cherie and 
speaking with reassurance. Not long after this Julie also reassured Cherie physically 
when she was showing signs of tension. 
Not long after this there was some disagreement about setting up equipment. This 
was successfully resolved, as shown below: 
Julie: 
Cherie: 
Righto, Cassandra, (a couple of inaudible words) 
We have to go out on the floor. 
Marcia (simultaneously with Cherie above, reading): 
"waves by slinky springs" 
Julie: Why can't we just do it here (pointing to the desk)? 
Cherie: No, cos you have to go out on the floor. 
Marcia(reading): 
"Stretch the slinky spring on the floor between two people." 
Cherie to Cassandra:D'you want to go out that way a bit or-
Marcia to Cassandra:Just go over there, just-
Cherie: Yeah, just go over to the other desk anyhow. (referring 
to a table adjoining their desk) 
Marcia: and do it this way (she moves things to clear the desk), 
because if you get on the floor-
(They all help to spread the slinky out along the bench.) 
Cherie: There you go. 
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Julie questioned Cherie's statement of what they had to do and Cherie didn't initially 
accept this. Marcia intervened supporting Julie's idea, and Cherie compromised. 
Conflict was thus avoided. 
On two of the occasions where there was a disagreement between two students, a 
third (Cherie in the first practical class, Marcia in the second) intervened and the 
other two let the disagreement go. On two other occasions physical reassurance was 
used. This physical contact suggests a closeness in the group that is unusual in 
groups working together in laboratory classes unless they are friends outside of the 
classroom. These students had not known each other prior to being involved in the 
subject, but they had been working together outside the classroom and presumably 
had become friends. This friendship gave the group an advantage in the face of 
conflict. 
It has now been demonstrated that the students possessed the three social skills 
(controlling and monitoring progress through the task, supportive behaviour and 
dealing with competition and conflict) considered essential to collaboration by Barnes 
& Todd (1977. It has also been shown that these were exhibited to some extent 
(although in varying degrees) by all four students. The following discussion shows 
how they also were capable of the collaborative discourse moves described by Barnes 
and Todd. 
4.1.2 Discourse moves 
As discussed by Barnes and Todd (1977), certain kinds of conversational behaviours 
are necessary in order for students to collaborate in constructing understanding. They 
noted these behaviours from the transcripts of their study and placed them into four 
categories of discourse moves: initiating, eliciting, extending and qualifying. These 
will now be described more fully and illustrated with examples from the transcripts 
of the video recorded. This provides further evidence for the collaborative style of 
the group. 
89 
Certain types of discourse moves are essential for sustaining discussion. A topic is 
first initiated when someone raises a new issue or concern, which may be in the form 
of a statement or a question. This occurs frequently but not necessarily after a pause 
in the conversation. Barnes and Todd found that if the discussion is to continue, one 
of three kinds of moves usually follows initiation: eliciting, extending or qualifying. 
Eliciting refers to (a) requesting someone to continue what they are saying, (b) 
requesting expansion of a previous remark, (c) requesting support and (d) requesting 
information. Extending involves a member of the group taking up another person's 
idea and extending it; sometimes this involves members sharing the construction of 
a sentence. Finally, qualifying, (which can be seen as a form of extending) means 
changing what someone has said, perhaps limiting its range or pointing out 
complexities not considered. Barnes and Todd considered extending and qualifying 
to be "the staples of collaborative dialogue". (p. 33) 
In the following extract from the first practical class eliciting, extending and 
qualifying occur. The students have set up an inverted gas jar in a trough of water 
ready to collect butane gas evaporating from a cigarette lighter. 
Marcia: 
Cherie: 
Marcia: 
So the water is actually going to come out of here 
(pointing to cylinder) into this (pointing to the water in 
the water bath)? 
(Marcia initiates the topic by raising her concern about 
what will happen.) 
Must do. 
(Cherie responds, agreeing with Marcia's view. The 
discussion would end here if Marcia did not extend on 
her original statement as follows.) 
I mean this is going to fill up to here with gas and the 
water's going to come back out. 
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Cherie: What do you think Cassandra, do you think it's like 
going to go down to the 200? 
(Cherie~ support or an opinion from Cassandra.) 
Cassandra: Yeah it' 11 go down. 
Cherie: 
(Cassandra responds, accepting Cherie's view. 
This would be the end of the discussion if 
Cherie did not then begin to qualify her first 
interpretation as follows.) 
Do you reckon? I don't know. If we're sticking it up 
here (gesturing upwards) from the, you'd think it'd rise 
(gesturing upwards), I mean but where else could it go? 
Cos I mean it's stopped (pointing to the sealed top of 
the cy Iinder). 
(Cherie seems to realise that her first explanation works.) 
Julie: Okay 
(Everyone has agreed, thus the discussion 
ends.) 
In the second practical class: 
Cherie: Yeah but no, see, you're getting confused between the 
two of them. Right, transverse ... 
(Cherie initiates the discussion when she feels 
that Julie and Marcia do not understand the 
difference between transverse and longitudinal 
waves) 
Julie: What's transverse? 
(Julie elicits, requesting information from 
Cherie.) 
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Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
... transverse is when it goes. . . (She lifts the slinky up 
from the bench, letting it down and lifting successive 
parts of it to show the wave moving along from one 
end to the other.) 
Yes 
So you look like it's got a lump, and it goes like all the 
time (demonstrating with the slinky again). 
(Cherie extends on her earlier statement.) 
Like a hose or a rope being shook. 
Yes, yes. Yes. And it, and it, urn, longitudinal one, 
it goes up and then it compresses (demonstrating with 
the slinky a mixture of transverse and compression, 
lifting the slinky above the bench at the same time as 
compressing it at the highest point), like a spring 
(touching the slinky). 
(Julie picks up the slinky and moves it vertically.) 
Julie: You can't do it in slow motion? 
(Julie elicits. requesting more information.) 
Cherie to Cassandra:ls that right? 
(Cherie elicits. seeking support or an 
opinion from Cassandra.) 
Cassandra (nodding): Yeah 
Whilst the transcripts provided examples of the discourse moves described above, 
discussion was rarely sustained for any length of time. This is probably linked to the 
fact (as discussed at length in Section 4.3) that collaboration was with respect to 
understanding the task rather than understanding science concepts, which presumably 
would have required more discussion. The content of the discussion almost always 
related to the task. Only one discussion of greater length was concerned with science 
concepts. (See Section 4.3) 
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4.1.3 Negotiating consensus regarding observations 
Negotiating consensus about observations was not described by Barnes and Todd 
(1977), because their study involved groups discussing set questions, rather than 
performing practical tasks. Negotiation here is considered to be "conferring with 
others with a view to reaching compromise or agreement." 
In science practical work negotiating consensus about observations is significant since 
students are usually expected to observe phenomena and record their observations. 
Traditionally observation is expected to lead to concept understanding, thus if groups 
are to work effectively together towards understanding science concepts they need to 
agree on what they are in fact perceiving. This is an area of interest also because 
studies have reported how students' perceptions can vary according to their prior 
knowledge and beliefs (Gunstone, 1990). Accordingly, varying perceptions in a 
group can be a useful source of cognitive conflict, which for some researchers is an 
important element of conceptual change (Posner et al., 1992). This group frequently 
arrived at consensus regarding their observations and some examples follow. 
In the first practical class the students were watching a piece of dry ice floating on 
some water in a beaker (not part of an activity but a spontaneous investigation of their 
own) and they touched the ice and felt the water. After some discussion, with a few 
intervening remarks about other things, they all agreed that the water was getting 
colder: 
Julie: 
Marcia: 
Yeah but how cold is the water, does it, it doesn't 
change the water temperature that much. 
Not really 
Cassandra (feeling the water in the beaker): 
Is that cold water, is it? 
Marcia: No it's just out of the tap. 
Julie: That was tap water. 
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Cassandra: It feels cool though. 
Cherie: It feels cold to me. 
A little later: 
Julie: Yeah, don't you feel like Einstein? (Cherie & Marcia 
laugh. Julie feels the water in the beaker.) Yeah.that 
is getting colder. 
Cherie: Yeah I thought it was. 
Marcia: Yes it is. 
In the second practical class they agreed on the effect of the variables thickness and 
tension on the pitch of sounds: 
(Marcia plucks the two strings of the sonometer in turn.) 
Cherie: That one's higher, that one's lower. 
Marcia: Uhhuh. 
(Cassandra leans over and plucks the strings.) 
Julie: Yeah but. .. 
Marcia: 
Julie: 
Marcia: 
Julie: 
Correct 
So the thin one is higher, the thick one is lower ... 
Yeah, yeah 
.. .in pitch. 
Cherie & Marcia: 
Yeah 
Julie: Righto 
Consensus was also reached in relation to measurements. For example the following 
extract from the first practical class shows discussion regarding measurements and 
what to do with them: 
Cherie: Right, we take the difference, find out if the difference 
is 200, I s'pose (pointing to the gas in the cylinder). 
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Julie: O.K. It's 16.2, 15.8, calculator..(pointing to the 
calculator which Cherie picks up and begins using) 
Cherie: 16.2 minus 
Marcia & Julie: 
15.8 
Cherie: equals point four, of a gram 
Julie (looking at Cassandra's book as Cassandra writes this down): 
Marcia: 
Cherie: 
Marcia: 
Point four of a gram 
Yeah, point four of a gram also equals 200 ... 
No we can't say that. 
No, but point four of a gram in weight. (points towards 
the lighter Julie is holding) also equals 200 (pointing to 
the volume of gas in the cylinder) 
Cassandra to Julie (while Marcia is speaking to Cherie): 
Julie: 
Marcia: 
Cherie: 
Julie: 
Cherie: 
We have to find the density now. 
Now we have to find the density, don't we? 
... dooviwhackers. 
No, we have to find out (reading from the lab manual) the 
amount of butane gas, 
Yes 
produced here (pointing to the top of the cylinder) from a 
given mass of liquid butane. 
Julie to Cassandra: 
Cherie: 
You've got the 200 mls haven't you? 
Right so our liquid butane is point four. Our gas 
butane (pointing to the gas in the cylinder) is 200 
centimetres cubed. 
Julie & Marcia: 
Yes 
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Although at one point earlier in the discussion Cherie disagreed with the others, when 
she said, "No, we can't say that", by the end of this discussion Cherie, Julie and 
Marcia have agreed on the measurements and what they describe. Cassandra appeared 
to be satisfied earlier, as while the others were still discussing the meaning of the 
measurements she was moving on to consider what they had to do with them, when 
she said "We have to find the density now." 
No examples of consensus regarding measurement were found in the second class 
because the activities did not involve measurement. 
Thus far the three social skills of collaboration (controlling and mo~toring progress, 
supportive behaviour and dealing with competition and conflict) have been 
demonstrated in the group's interactions, followed by evidence of the students' ability 
to carry out discourse and to negotiate consensus regarding observations and 
measurements. As noted by Barnes and Todd, social skills are important because 
they contribute to the group's ability to construct understanding through discussion, 
in this case understanding of the task. Through these skills the students were able to 
implement a productive approach to the task. By contrast if students in a group adopt 
a defensive approach they allow aggression and protection of self to dictate their 
interactions. 
Evidence of the use of the cognitive strategies described by Barnes and Todd (1977) 
in their model of collaboration will now be discussed. 
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4.1.4 Cognitive strategies 
Barnes and Todd considered cognitive strategies to be strategies of thought used in 
trying to make sense of a task. They found the following cognitive strategies in the 
group discussions they studied: 
1. constructing the question 
2. raising new questions 
3. setting up hypotheses 
4. using evidence (including everyday knowledge) 
5. expressing feelings and recreating experience 
Each of these behaviours was observed in this group studied and will be discussed in 
turn. Examples from the transcripts will be used as evidence of these behaviours. 
4.1.4.1 Constructing the question 
Regardless of what question is asked or what instructions are given to students, they 
must interpret these using what they already know and what they perceive to be the 
teacher's intention. In a practical situation this extends to include working out what 
to do. Thus in this study constructing the question involved accessing procedural as 
well as conceptual knowledge from previous experience. 
Since the students in this study completed all the set tasks it can be assumed that they 
were able to construct questions for each of these tasks. However, it is of interest 
here to explore how they went about this and what they considered the question in 
each case to be, because these may throw light on other aspects of their involvement 
in the practical work, particularly why they tended not to focus on the concepts the 
activities were intended to illustrate (this is discussed in Section 4.3) 
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Deciding on the students' construction of the question of a task is not simple. It 
seemed sensible, however, to look at the instructions they were given, what they did 
and talked about while they were carrying out the task and how they reported it. 
From these one can infer how they saw the task or what their construction of the 
question was. 
In most of the activities observed the students began immediately to carry out the 
physical instructions without any general discussion about the purpose of the activity 
or what it meant conceptually. This did not necessarily mean that they understood the 
task (had successfully constructed its question) because at a later stage they would 
sometimes reveal that they were not sure of what the task was about. 
On one occasion, during the sonometer activity described later, they had considerable 
difficulty commencing the task. As suggested in the discussion following, their 
construction of the question may not have matched that of the teacher and this may 
have interfered with their ability to carry out the teacher's intentions. 
The students were videotaped carrying out three activities in each of the two practical 
classes (For a description of these activities see Appendices A and B). Two of these 
activities (one from each class) are considered in some detail in this section and the 
other four will be mentioned briefly. These two activities were chosen because a 
study of the transcripts suggested that the students had some difficulty constructing 
the questions for these activities, making detailed analysis of these activities possibly 
more fruitful. 
For each activity, instructions in the laboratory manual, the students' actions during 
the class and their practical reports were examined. From this data how the group 
went about constructing the question and their final construction were inferred. 
There was also evidence for individual variations within this group construction. 
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First practical class 
Activity 3.1a - (see Appendix A) 
How did the students go about constructing the question? The students did not 
discuss the task in any way before starting the activity, neither in relation to concepts 
nor what they had to do nor how to do it. Thus there is no verbal evidence for group 
construction of the question before attempting the task. Rather, one student initiated 
the setting up of the equipment (this had been illustrated for them on the blackboard 
at the beginning of the class) and then they gradually worked out collaboratively what 
was happening and what they had to do. 
Constructing the question was thus an ongoing process, not something which 
happened before the students commenced the activity. Barnes and Todd (1977) also 
observed this in group discussions they studied. When students were given open-
ended questions constructing the question and constructing the answer were 
indistinguishable. However, one would not expect this to occur on a structured task 
with clear instructions. 
This ongoing construction of the question is clearly evident in the following extract 
from the videotape transcript: 
Marcia: 
Cherie: 
A little later: 
Marcia: 
Are we supposed to be timing how long this takes? 
I don't think so, it doesn't say to (looking at the 
laboratory manual). It just says "stop the experiment 
when you have collected 200 centimetres cubed of 
butane gas." 
But what do we eventually do with this 200 centimetres 
cubed of butane we've captured? Give it as a present? 
(laughs) What do we do with this 200 centimetres? 
Julie: It'll evaporate in the air won't it? 
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Cherie: Just do one thing at a time Marcia. Don't get too far 
ahead of us. 
Thus far they have not together constructed the question. Cherie appeared to 
understand initially but her responses to Marcia's questions showed that she was just 
doing what she thought was necessary and waiting to see what happened. Through 
her questions Marcia seems to be trying to make sense of the task. Cherie's reponse 
is interesting in that it suggests that at this stage she considers carrying out the steps 
to be more important than making sense of it. 
For a while they just watch the bubbles and make comments about how they move. 
During this time Cherie says, "Either the liquid's evaporating ... ", leaving the 
sentence incomplete. This suggests she is thinking about the phase change or what 
is in the bubbles. Later when they have finished collecting the gas Cherie returns to 
the question: 
Cherie: Okay, the question that we have to answer Marcia, is 
(reading from the manual)" are you able to discover the 
amount of butane gas produced from a given mass or 
volume of liquid?" 
Sometime later Cherie is still deciding what it is they have to do, although the others 
seem to be content to move on to the next step (they may have independently 
constructed the question): 
Cassandra to Julie (while Marcia is speaking to Cherie): 
Julie: 
Cherie: 
We have to find the density now. 
We have to find the density now don't we? 
No, we have to find out (reading from the lab manual) if the 
amount of butane gas ... 
Julie: Yes 
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What was their construction of the question? Firstly the teacher's intended question 
needs to be considered as a basis for comparison of the students efforts using this 
cognitive strategy. 
The teacher's intention can be inferred from the laboratory notes. In the laboratory 
notes students were asked the following five questions: 
1. Solids are clearly matter. What about liquids and gases? 
2. Can you demonstrate the relationships between solids, liquids and gases? 
3. Can you draw some general conclusions about this relationship, e.g. what 
changes might occur when a liquid such as butane evaporates? 
4. If a liquid is allowed to evaporate what happens to the bulk of the 
material? 
5. Are you able to discover the amount of gas butane produced from a given 
mass (or volume) of liquid butane?" (See Appendix A) 
Four of these questions are qualitative, addressing understanding of scientific 
concepts and the fifth refers implicitly to measurements, the specific ones that the 
students are asked to perform. It seems reasonable to assume that the teacher 
intended the students to answer all of the questions. 
The student's construction of the question is taken from what they wrote as the aim 
of the activity in their practical reports. The aim was not provided by the teacher. 
The students were instructed to write their own aim after reading through the notes. 
In their practical reports the students unanimously chose the fifth question, the 
quantitative one, as their aim. The qualitative, conceptually-oriented questions were 
not mentioned in the aim, nor anywhere else in the practical report. 
Further evidence of the quantitative measurement task being their construction of the 
question was provided by the video transcripts. None of the students mentioned the 
qualitative questions either before or during the practical class. This suggests that 
there was some unspoken consensus that the quantitative question was what mattered 
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there was some unspoken consensus that the quantitative question was what mattered 
most. Reasons for this non-conceptual focus will be considered further in Section 
4.3. 
The students' final comments at the end of the activity add support to the 
interpretation that they constructed the question as a purely quantitative exercise: 
Marcia 
Cherie: 
Julie: 
:So is that all we need to know? 
Well I think so. 
Well is that what we're finding out? What does it say? 
(consulting the laboratory manual) 
(Cherie & Marcia look around the room and call out to the teacher.) 
Julie (reading from the manual): 
Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
"Are you able to discover the amount of 
butane", righto, Cherie, here, Marcia (They 
look back to the manual Julie is reading from.) 
"Are you able to discover the amount of butane 
gas produced from the given mass or volume of 
liquid butane?" Yes, that's what we did find 
out. 
That's what we just found out, yeah. 
"Now devise and carry out the experiment to .. " 
We've done that. 
" .. answer the, this question. Stop .. " yeah, we've done 
all that. 
We're up to the next one. 
During the group interview (immediately after this practical class) where the students 
were asked in turn what they saw as the purpose of the three activities they had just 
completed, three of the students did not mention the above activity at all, talking only 
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about the last one, which was to do with mass and weight. Marcia, however, who 
had made the most effort to make sense of this activity, did mention it, as follows: 
With the relationship between the gas from the butane and the liquid 
butane, to see the difference in the weight there, although you 
couldn't, we didn't weigh the gas. The difference in the, in the 
volume that it took. I mean you could see that this much, (holding her 
fingers apart to indicate a distance) gas butane, butane gas, took that 
much space and we'd really only used that much (indicates a much 
smaller distance between two fingers) liquid butane to make it. So a 
relationship between quantities of the same type of thing in one form 
composed, as opposed to another form. 
Interestingly, unaided, she focussed on one of the significant attributes of a phase 
change, which would have enabled her to answer the qualitative questions asked in 
the laboratory manual. Her response to the question suggests that individual 
constructions of the questions probably differed considerably, showing that their 
practical reports (identical in every respect) are a fairly limited window into how 
individual students understood the question. 
Second practical class 
Activity 7.5 (See Appendix B) 
As in the activity discussed above the students did not engage in any discussion before 
they started the task. On this occasion Cherie did not organise the equipment and 
begin the task. Both Cherie and Julie made separate attempts to work out what to do. 
Neither was able to make much progress. As in the above activity constructing the 
question was an ongoing process but this time more difficulty was encountered. 
Cherie, Julie and Marcia all contributed but they made very little headway. At one 
stage they sought help from the teacher and seemed to understand but floundered 
again soon after. 
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In effect, as observed by Barnes and Todd in their study when students were given 
open-ended questions, constructing the question and the answer were 
indistinguishable. The students finally recorded the necessary results qualitatively in 
this case but in a final exchange Julie and Cherie reveal their construction, which is 
not what the teacher intended: 
Julie: 
Cherie: 
Julie: 
Cherie: 
They are? Do they want us-
I think they're just trying to say that, no matter what 
you do, or no matter what you change, whether you 
change ... 
... so long as you only change one variable ... 
Yes 
Julie: ... you're going to get an effect. 
Cherie: That's exactly what they're saying- one variable ... 
(They all write.) 
Cherie (to herself): 
Yes, that's what I think you do. 
From the laboratory notes it is clear that the teacher intended the students to discover 
the particular effects of changing the variables length, thickness and tension. 
However, in the students' practical reports they did record the different effects, so 
discussion after the class may have resolved their confusion. As in the activity 3a.l 
discussed earlier, the students ignored a qualitative question asked at the end of the 
activity. 
The above discussion has focussed on the two activities in which the students' 
constructions of the question did not match those of the teacher. In the remaining 
four activities observed the students' constructions did match those of the teacher. 
It is interesting to speculate on causes of the two mismatches. Why the students 
chose to ignore the four conceptually focussed questions in the phase change activity 
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(Activity3.la) is discussed in Section 4.3, since it relates to the students' reluctance 
to explore conceptual issues. 
In considering the sound variables activity (Activity 7.5) it is suggested that students' 
prior knowledge may have caused the difficulty in interpreting the teacher's question. 
Both Julie and Cherie have experience of playing stringed instruments. Whilst this 
could have assisted them it could also have confused them since musical terms such 
as "bridge" were being used out of their usual context for them. On a stringed 
instrument a bridge fixes the length of the strings whereas here they were being asked 
to use a bridge to vary the length of the strings. 
4.1.4.2 Raising new questions 
The second cognitive strategy described by Barnes and Todd was raising new 
questions. If students raise questions of their own beyond those specifically asked by 
the teacher, this suggests that they are cognitively engaged. In the constructivist view 
of learning if learners raises questions of their own, this indicates that they are 
accessing their prior knowledge and experience and becoming actively involved in 
constructing understanding. It suggests a desire to interrelate and integrate the new 
experiences with their existing knowledge. 
In the context of science practical work many procedural questions are asked by 
students of each other. Whilst these are important in constructing understanding of 
the task they are not considered here. Of more interest in relation to cognitive 
strategies are questions which relate to the phenomena the students were observing 
and to the science concepts they were intended to illustrate. 
In the six activities observed during this study most of the questions asked were 
procedural ones and these were asked mainly by three of the four students (the 
exception was Cassandra, the quiet student). Interestingly, almost all of the new 
(non-procedural) questions were raised by Marcia. These questions were mainly 
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about equipment, the phenomena they were observing, reasons for procedures, and 
science conventions. On two occasions Marcia went beyond these to try to make 
links with science concepts. (Concepts referred to here means the main ideas the 
activities were intended to illustrate, such as phases changes, density, mass weight 
and pressure in the first class and sound waves and their parameters in the second 
class.) 
Examples of these new questions raised are taken from both practical classes. 
In the following extract from the first practical class, Marcia was trying to understand 
the phenomena in relation to the equipment. This was important for interpreting the 
phenomena to be observed once the experiment started. 
Marcia: 
Cherie: 
Marcia: 
So the water is actually going to come out of here 
(pointing to cylinder) into this (pointing to the water in 
the water bath)? 
Must do. 
I mean this is going to fill up to here with gas and the 
water's going to come back out? 
On another occasion Marcia wanted to know reasons for procedures: 
Marcia: 
Cherie: 
Why are you plucking it as you go along? 
So that we can hear the difference. (Pause - Cherie 
continues looking at Marcia) So we can hear the 
increase in the thing. When you move the tension or 
tighten the tension it makes it a higher pitch. 
Several of Marcia's other questions related to the conventions of science. In the 
following extract from the first class the group began to measure the weights of some 
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masses on a spring balance. Marcia encountered Newtons for the first time and 
questioned the teacher about them: 
Marcia: 
Teacher: 
And Newtons is a weighing system, is it? 
It's our unit for weight. 
Later in the same activity she asked Julie for an explanation of how to read the scale 
of the spring balance: 
Marcia: I can see the two but how do you know it's point five 
and not just something in the middle? 
Julie (pointing to the scale): 
Because you can see the one and the two and 
you know that halfway between one and two is 
five and that is halfway. 
Marcia gave the impression that she was dedicated to making sense of everything. 
Her questions often stimulated group discussion. Occasionally she went beyond 
equipment, procedures and phenomena to ask a question relating to concepts, but, (as 
discussed later in Section 4.3), this did not always lead to discussion in the group. 
In the following extract she was focussing on the process of change from solid to gas 
(sublimation was the concept being illustrated in the activity) and directed her 
question to the teacher: 
Marcia: 
Teacher: 
Marcia: 
Teacher: 
Julie: 
Teacher: 
Is, is the dry ice sort of dissolving in the air all the 
time? 
No 
No? It keeps its .. 
It doesn't dissolve in the air. 
Well what does it do? 
Just changes directly from a solid into a gas. 
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On a second occasion, in a sound activity, Marcia reflected aloud about the meaning 
of the slinky activity: 
Marcia: So these are sound waves. It's kind of like air waves 
but you take it back to sound waves. 
She was trying to link what they were doing with the concept of a sound wave. None 
of the others responded to her, so no discussion flowed from her thoughtful remark. 
In the evaporation activity Marcia asked a question which showed that she was 
thinking beyond the data, perhaps concerning herself with the conceptual learning she 
felt was intended: 
Marcia: So now we know that, what do we do with it? 
This could be interpreted as a procedural question except that she raised her question 
again in the stimulated recall session. 
Marcia: Yeah. That was, that's really all we had to do with it 
wasn't it? And it really didn't say, and I don't, I don't 
s'pose we did ever find out what we were s'posed to do 
with it. We worked out in the end, that's all they 
wanted to know. 
On these occasions and others (referred to in Section 4.3), Marcia's conceptually 
related questions did not lead to discussion of concepts. 
Although the other three students appeared to be equally involved in the activities, 
they did not raise nearly as many new questions as Marcia did. They tended to ask 
more procedural questions of each other. Marcia took less responsibility for carrying 
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out the procedures than the others, perhaps allowing her more time to think about 
what was happening. 
Like Marcia, Julie was concerned with the conventions of science and asked several 
questions about terminology and units. For example: 
Julie: 
Cherie: 
Now what was that, terminology? 
You know how grams, say we had a hundred, a 
hundred grams (she takes a 100 gram mass from the 
holder) right? 
Marcia & Julie: 
Cherie: 
Julie: 
Yes 
Hundred grams. A hundred grams is equal to point 
one of a kilogram. 
Of a kilogram. Okay. 
Julie was not always satisfied with the others' responses and raised one of her 
questions again during the stimulated recall session. In the following extract from the 
practical class they were measuring the weights of a series of masses to find the 
quantitative relationship between mass and weight. They had been told by the teacher 
to record the masses in kilograms. Julie raised a question about convention: 
Julie: Would it make any difference whether it'd be labelled 
gram or kilogram? 
Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
Julie: 
There is a big difference. 
I know there is in weight. .. 
Yeah 
... when we think about it. And we know the feel of a 
kilogram and the feel of a gram ... 
So well it's ... 
But we were writing it down on paper. 
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Cherie: No. No let me finish. That there was ten. D'you 
understand how, d' you know how we got ten all at the 
end? 
Marcia & Julie: 
Yes 
Cherie: We wouldn't have got ten if we'd put it all in grams. 
Cherie did not answer Julie correctly (in fact it didn't matter what units were used) 
but justified the use of kilograms by working back from the answer. As noted by 
Webb (1989), the receiving of appropriate responses to questions is as much a 
condition of group learning as asking questions. In this group the asking of questions 
rarely led to discussion of the concepts the activities were meant to illustrate. 
The above examples show that the cognitive strategy of raising new questions was 
used in the group. However it was used only by the mature aged students, mainly in 
relation to equipment, reasons for procedures and science conventions. Only one of 
the two mature aged students directed questions towards the concepts the activities 
were intended to illustrate, and this happened only on a small number of occasions. 
It is highly significant that the recent schoolleavers did not raise any new questions. 
Reasons for this are considered in the discussion chapter. 
4.1.4.3 Setting up hypotheses 
The third cognitive strategy described by Barnes and Todd (1977) was forming 
hypotheses. Forming an hypothesis, in Barnes and Todd's view, involves going 
beyond the given information to set up an explanation or interpretation, possibly for 
testing. Verbal evidence of this cognitive strategy was rarely found in the video 
transcripts of the group's practical work. 
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Two hypotheses were proposed in the string telegraph activity, which specifically 
invited students to do this with the question, "How might you improve the efficiency 
and clarity of your string telegraph?" 
The first hypothesis was proposed by Julie but was never verbalised. Her hypothesis 
that the tension of the string affected the sound transmission is inferred in her 
continuing insistence that they explore the effect of this. They did not do this initially 
but Julie persevered, insisting, "I want it really tight. The tighter you pull it the 
better." and asking, "Did you notice the tighter we pulled it. .. ?" and finally getting 
a response: 
Julie: But have you noticed the tighter you have the 
string ... 
Cassandra: the clearer. .. 
Julie: ... the clearer it is? 
Cassandra: Uh huh 
Cherie cupped her hands around the tin she was speaking into, respondi~g to 
Cassandra's exclamation, "We heard that one!" with "You know how I did that one? 
Like that, I covered my hands." From her actions one can infer that she had formed 
an hypothesis that enclosing the mouthpiece would improve the efficiency and clarity 
of the string telegraph. 
Marcia then formed another hypothesis: 
Marcia: It'd work better if it had a lid on it with just a little 
hole in the middle, like a megaphone. You know, like 
a megaphone where you're speaking into the hole 
instead of- just cos it's just all escaping. 
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In the four other activities there was no hypothesising. Perhaps this is because 
specific instructions were given and the task was quite tightly structured. These and 
other explanations are considered in the discussion chapter. 
4.1.4.4 Using evidence 
The fourth cognitive strategy described by Barnes and Todd was using evidence. 
Evidence can be in the form of everyday knowledge, given information or 
observations of phenomena. If students use any of these in restructuring their own 
understanding or in convincing others they can be said to be using evidence. 
In a practical activity students are regularly using given information in the form of 
instructions. However simply following the instructions is not considered here to be 
using evidence. The use of given information as evidence occurs only when there is 
a difficulty and the information is sought specifically to make sense of the situation. 
Everyday knowledge, given information and observations were used as evidence by 
this group. However this did not occur very frequently. This is probably because 
evidence is part of argument and while procedures are being carried out there is little 
need of it unless some difficulty arises or the students engage in discussion on a 
higher level. This is considered more fully in the discussion chapter. 
Not surprisingly, the mature aged students who had studied no science previously 
used everyday experience to make sense of things whereas the recent school leavers 
did not. The school leavers tended to look for evidence within the information 
provided in the practical notes. Doubtless they were searching their own scientific 
knowledge also but this was never explicit. Both mature-aged students and school 
leavers used their observations as evidence only occasionally. 
Examples of the use of evidence in the form of everyday knowledge, given 
information and observations are now given. In the following extract from the 
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activity involving the evaporation of butane liquid the students were puzzling over the 
nature of the bubbles they saw rising through the water in the inverted measuring 
cylinder. Marcia also wanted to know where the water being displaced from the 
cylinder was going to. 
Marcia: But it should, the water should .. 
Cassandra (leaning over and pointing towards the cylinder): 
Cherie: 
Marcia: 
Julie: 
Cherie: 
Marcia: 
Cherie: 
Marcia: 
Cherie: 
Marcia: 
Cherie: 
It's starting to go down from the top isn't it? 
Look it's starting to go down. 
But isn't, why isn't the water bubbling out at the 
bottom end? 
Well look there's bubbles on the bottom of the 
container, look at it, the white container. 
Yeah but they were already there. Cos it's, phew 
(waving her hand), what's it, it's urn, what do you call 
it? Look, (pointing to her book) it evaporates. 
What's evaporating, the water? (incredulously) What's 
it doing, cooking it? 
Yeah it's boiling it, (pause) isn't it? (looking towards 
Julie) 
What is this, instant boil? 
Yeah listen, listen. (Begins to read from lab manual) 
"Butane cigarette lighter provides an ideal source of 
liquid which evaporates readily at room temperature 
when open to the atmosphere. The boiling point of 
butane is point six degrees Celsius.". (Cassandra was 
pointing to and following the same passage in her 
manual.) 
.... and water was a hundred. 
Yeah. 
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Marcia: 
Cherie: 
Marcia: 
(Pause) 
The other day to boil the water, water boils at a 
hundred and this boils at six. 
Point six 
Point six. So it's pretty instantaneous. 
(All are watching the bubbles.) 
Are we supposed to be timing how long 
this takes? 
In this extract all three kinds of evidence were used. Julie used her own observation 
(the first form of evidence) of bubbles on the bottom of the container as evidence that 
the water could be bubbling out, supporting Marcia's suggestion. Cherie countered 
this with her observation that those bubbles had always been there. Noticing the 
smell, she then offered this observation and then the second form of evidence (given 
information), a reference to the laboratory manual, to explain that the bubbles 
contained butane gas. 
To resolve the question of whether the water was boiling, Cherie and Cassandra 
referred to their laboratory manual while Marcia referred to her own knowledge (the 
third form of evidence) of water boiling at 100 degrees. Since there was no further 
discussion it appeared that they were all satisfied. Later statements by Julie, Marcia 
and Cherie referred to the butane gas they had collected in the cylinder. It can be 
inferred from this that they have understood the bubbles to be butane gas. 
The use of evidence was not always explicit. As suggested in the discussion of the 
cognitive strategy "constructing the question" , reference to experience with stringed 
musical instruments may have caused some of the difficulty the group experienced 
with the sonometer activity. Both Julie and Cherie referred twice to musical 
instruments they had played, although they did not elaborate on the significance of 
this. 
In the following extract Julie used her musical experience, or everyday knowledge, 
to help her understand the task of changing the tension variable on the sonometer: 
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Julie (changing the tension using the adjuster on the sonometer, while the 
others watch her): 
I'm tightening it up. I'm tuning the guitar. 
What am I doing? 
On another occasion she found an everyday analogy which helped her grasp what a 
transverse wave is: 
Julie: 
Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
What's transverse? 
Transverse is when it goes. . . (She lifts the slinky up from the 
bench, letting it down and lifting successive parts of it to show 
the wave moving along from one end to the other.) 
Yes 
So you look like it's got a lump, and it goes like 
(demonstrating with the slinky again) all the time. 
Like a hose or a rope being shook. 
Yes, yes. 
During the stimulated recall session Marcia explained why she had exclaimed 
"Kilogram?" incredulously at one point in an activity: 
Marcia: You buy a kilogram of sausages, that's twenty two sausages! 
Here she used her everyday knowledge to check the reasonableness of a 
measurement. 
Another example of the use of observations as evidence occurs in the following 
extract. While using the slinky in the sound activity, Cherie used her observation of 
compression within a transverse wave to convince the others that it was in fact a 
longitudinal wave. Julie was not entirely convinced and conducted her own test, 
finally convinced by her own observations: 
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Cherie: 
Marcia: 
See where the darkness is (pointing to a region of the 
slinky), see how it's coming here together. 
Yeah, yeah 
Julie to Cassandra: 
Does it make any difference whether 
you move it up and down or side to 
side? 
Cassandra: I don't think it would. 
(Julie moves the slinky from side to side keeping it flat on the bench.) 
Marcia: I'd better not be a scientist. Why can't I see it? 
Julie: Yeah I can see the, dark wave through it. 
(Julie stops moving the slinky.) 
Cherie: Yep. I think it's longitudinal. 
Cassandra: Yeah so do I. 
Julie: That confirms it to be longitudinal. 
Cassandra: Yes! (Cherie nods.) 
4.1.4.5 Expressing feelings and recreating experience 
The final cognitive strategy described by Barnes and Todd was expressing feelings 
and recreating experience. By expressing feelings about classroom events students 
make links with their inner selves. Feelings play a role in learning. They are closely 
involved with memory and motivation (Pintrich, Marx, & Boyle, 1993). If feelings 
are aroused previous experience is more likely to be reinterpreted or recreated in the 
light of the new knowledge or insights. In the constructivist view this reconstruction 
constitutes learning. 
In this group there was much expressed enjoyment. As illustrated earlier in the 
discussion of "shared feeling" as a supportive behaviour, the students enjoyed 
watching the phenomena which were the substance of their activities. The mature-
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aged students frequently made explicit links with personal experience, thus recreating 
that experience. The recent schoolleavers rarely did this. 
For example the dry ice activity gave Marcia a new understanding of the ice of her 
school picnic days: 
Marcia: 
Teacher: 
Marcia: 
Teacher: 
Marcia: 
Remember when we were little kids, when we were 
little kids, 
You used to go to the fairs, and urn get full of 
icecreams and .. 
No, on breakup days at school they always 
came out with a green round thing, Peter's 
icecream used to bring these green round 
things, they were sort of like sleeping bags 
Mm,mm. 
But they were this (gesturing), and they would open 
them up and they were full of ice. 
During the same activity Julie and Marcia (with obvious pleasure) linked their new 
understanding to their everyday experiences, which were thus reconstructed 
conceptually. (Earlier in the class the teacher had explained condensation to them.) 
The group was watching a piece of dry ice 11 steaming 11 on the surface of water in a 
beaker: 
Marcia: 
Julie: 
Marcia: 
Julie: 
Marcia: 
Julie: 
Mm. It's getting cold now, you can see, 
It is. 
You can see the ah ... 
Cos you can see the ah, now what d'you call 
that? 
Condensation! 
Yes! 
117 
Marcia: On the side of the bottle. 
Julie (wiping the moisture off the side of the beaker): 
Marcia: 
Where the kids, usually write their name in it. 
Yeah, like when everybody's in the car, when 
everybody's in the car and they've got the windows 
wound up and everybody breathes. 
After being shown how to zero the scale on the spring balance Marcia linked it with 
bathroom scales: 
Marcia: 
Julie: 
Teacher: 
Julie: 
Teacher: 
Marcia: 
So can we adjust that to make it start at zero? 
Have we got a faulty weigher? 
No, no. It should start at the zero. 
We can get that to go to zero? 
Yeah 
It's like you can adjust the scales that you stand on. 
Although they were involved in shared feeling Cherie and Cassandra did not make 
explicit connections with everyday experience as did the mature aged students. 
Reasons for this are considered in Chapter 5. 
In the above discussion it has been demonstrated that the students used all of the 
cognitive strategies described by Barnes and Todd (1977). Of significance, however, 
is that their use of these cognitive strategies was limited in extent and was directed 
more to understanding what to do and how to do it than to the concepts that the 
practical work was intended to illustrate (this is discussed further in Section 4.3). In 
addition to possessing the necessary collaborative skills, the students in this group 
held common beliefs about learning which strongly influenced their attitude to the 
practical work. These beliefs and their significance are now explored in Section 4.2. 
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4.2 ASSERTION 2 
The four students in this group shared a group perspective, a strongly-held, 
shared commitment to learning science through practical work and to learning 
through discussion. This group perspective was considered to be a significant 
factor contributing to the students' success in collaboration. 
It is proposed here that the group of students studied held a group perspective, a 
common or shared set of beliefs about how they learn science best, that is, through 
practical work and through discussion. This was considered significant with respect 
to their ability to collaborate successfully. It has already been shown in Assertion 1 
that the students possessed the skills necessary for collaboration, but these skills are 
less likely to be used if students lack motivation. Motivation is strongly influenced 
by one's belief about the effectiveness of one's actions (Bandura,1986). 
The idea of group perspectives was developed by Becker (1958) who suggested 
criteria for establishing the existence of a group perspective. These criteria were 
modified by Woods (1986) who proposed that the greatest confidence in the presence 
of a group perspective would come if four conditions were met: if (1) all members 
of the group (2) volunteered information of the perspective (3) in naturalistic 
circumstances and if (4) this information was corroborated by observation and 
documentation. Confidence could be further increased if the subjects themselves 
confirmed the analysis. 
Naturalistic circumstances are described by Woods as arising primarily from the 
orientation or disposition of the interviewer and the form and conditions of the 
interview. The situation can be described as natural if the interviewer relates to the 
interviewees on a person-to-person basis, with a non-judgmental, sympathetic 
approach and if involvement is voluntary. Woods also considered the giving of 
power to interviewees as important. One way of doing this with students is to involve 
them in a group interview where they feel strength through their numbers. These 
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conditions were met in this study (as described in the Methodology chapter), thus the 
circumstances are considered to have been naturalistic. 
Evidence will now be presented for the existence of a group perspective regarding the 
learning of science through practical work and through discussion. This evidence is 
taken from the group interview and the stimulated recall session. It was corroborated 
by observation and documentation of the group's behaviour during practical classes, 
which is reported in Section 4.1. 
4.2.1 Learning science through laboratory work 
As clearly shown in the following extract from the group interview, all four members 
of the group volunteered (either explicitly or agreeing with what had been said by 
another member), that they learn science best through practical work. This was stated 
quite strongly by Cherie and Marcia, and Julie and Cassandra agreed with supporting 
statements. 
I: 
Cherie: 
Marcia: 
Julie: 
Cherie: 
Cherie, did you feel that any of those concepts, 
urn, your understanding of any of those 
concepts was improved· by doing the practical 
work? 
Definitely. It's the only way I can learn science. 
Yeah 
Yeah, true 
I can't learn it theoretically. That's why my difficulty 
was with biology. A lot of it was theory. And our 
exam was theory and I didn't understand the theory 
side of it. I couldn't tell you, I mean I could memorise 
it but that's not going to tell me how to apply it. And 
that's the same with any subject really for me. If I 
don't have prac, 
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Marcia: 
Cherie: 
Marcia: 
Cherie: 
Julie: 
Marcia: 
Cherie: 
Marcia: 
Mm 
pracs there to show me, concrete stuff, 
Yep! 
I'm lost. And that's why when Cassandra started 
doing, urn, I mean I understand all the mathematics 
side of it but I have to be able to visualise exactly what 
we're doing. So if we'd done fifty mls first, and she 
said it's point one to fill it, yeah, okay. But because 
we'd done 200 it was a little bit harder for me to grasp 
the concept that it was only point one of a, a gram - I 
think it was (she looks towards Cassandra who nods 
and Marcia says "Mm ") - point one of a gram of the 
butane gas liquid equals you know fifty mls or fifty 
cubic centimetres of the "butane gas" gas. 
Yes, yes! 
Yeah. I would completely and utterly lost without the 
practical side of ... 
Me too 
... of science because I don't learn anything unless I 
can, I can see it 
Julie: Yes, more or less learn it from the prac 
Cassandra nods. 
Cherie: 
Marcia: 
Cherie: 
Marcia: 
Cherie: 
Or visualise it at least 
Yes, at least have, you've got to be able to get a 
picture in your mind. 
That's right 
And it's very difficult to get a picture in your mind of 
something as abstract as gases and, and matter chang-
you know changing 
Because you can't see gas 
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Marcia: Changing from solid to, to liquid, from liquid to, to 
gas. Unless we can see it, and do it ourselves, the 
concept of it is beyond, beyond comprehension. 
Julie: Yes 
I: Cassandra, do you feel the same way? 
Cassandra: Yep! 
Cherie stated plainly that doing practical work is the only way she can learn science. 
Marcia and Julie immediately agreed with her. Both Cherie and Marcia elaborated 
their views. Julie agreed with both Julie and Marcia and also made her own 
statement. After the other three had spoken Cassandra nodded in agreement and 
when asked specifically by the researcher if she felt the same way as the others she 
replied affirmatively. 
The assertion that a group perspective existed regarding learning through practical 
work was put to the students in their individual interviews and each member of the 
group agreed that it was a correct interpretation of the group's feelings. With respect 
to Wood's (1986) criteria to give maximum confidence, the group intervie\\;' data 
discussed here met all of the conditions Woods specified (see Section 4.2). Since all 
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of Woods' criteria were met, a group perspective regarding the learning of science 
through practical work is proposed with a high level of confidence. 
4.2.1.1 Differences within the group perspective 
Whilst the existence of a group perspective about learning science through practical 
work has been demonstrated, it would be unlikely that the role of practical work in 
their learning would be identical for all four students. This is suggested by 
differences between their statements in the above extract and in another extract 
considered below. These differences are discussed here. Of interest is how the 
students feel practical work helps them to learn science. 
122 
The extent to which practical work was perceived to help their learning varied 
between the students in the group. In the above extract Cherie and Marcia were the 
most vocal about the importance of practical work for them, suggesting that it is 
essential to their learning. While Julie agreed, she also said, "more or less learn it 
from the prac", which is not as strong a statement as those made by Cherie and 
Marcia. Although Cassandra agreed with the enthusiastic statements of Marcia and 
Cherie about learning science only through practical work, in the following extract 
she said, "It's helping.", suggesting that it is not her primary source of learning. 
When asked in the group interview how she came to understand the difference 
between mass and weight, the focus of one activity in the lesson she first said it was 
the teacher's explanation at the beginning of the class and then "a bit of both really". 
The students' descriptions of how practical work helped them had some similarities 
and differences. Both Marcia and Cherie referred to seeing and visualising. Marcia 
said she needed "to see it" and "you've got to be able to get a picture in your mind". 
What she visualises is illustrated by a specific example of a gas and phase changes, 
concepts meant to be illustrated by the activities. Marcia was alone in mentioning the 
importance of doing. This suggests that she values the ownership made possible by 
group or individual experimenting which perhaps is not vital to, or is taken for 
granted by the others. 
Cherie explained her need to see "concrete stuff" and "to be able to visualise exactly 
what we're doing". What she visualises is not clear because she continues, "it was 
a little bit harder for me to grasp the concept that it was only point one of a, a gram, 
I think it was point one of a gram of the butane gas liquid equals you know fifty mLs 
or fifty cubic centimetres of the butane gas gas." This suggests that it was not the 
scientific concept of a phase change she was trying to visualise but what was 
happening in terms of the phenomenon they were observing. 
A little further on in the group interview the researcher asked the students what they 
saw as the role of practical work from a teacher's point of view: 
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I: 
Cherie: 
I: 
And what do you think is the role of it 
(practical work) in science education? 
For primary school teachers? 
If as a teacher you had to explain what you 
thought the role of practical work was, 
Julie (pointing to her head): 
It embeds it in your head. 
Marcia (simultaneously with Julie above and Cassandra below): 
Enforcing a real understanding 
Cassandra: It's helping. 
Julie: Yeah it enforces a real understanding of hands on 
issues, yeah 
(Cassandra nods.) 
Marcia: 
Julie: 
Marcia: 
Cherie: 
Because the kids are the same as we are, I mean, unless 
they have a real understanding, on the base level, then 
they can't, they can't, ... 
comprehend 
... they can't go on to more complicated things. And 
obviously when they get into high school, and further 
than that, the complicated side of the theory has to 
relate back to what they've done, on a base level. 
They have to see it to believe it. 
Julie: Yes 
(Cassandra nods.) 
Here Julie offered her view of how practical work helps her learn science. Julie said, 
"It embeds it in your head." To embed something usually means to fix it, which 
suggests that memories of the activities help her to remember the science concepts. 
This is different from understanding concepts through being able to see or visualise 
concepts or models during practical work. Julie used this same expression regarding 
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the importance of group discussion (see below) and on two other occasions (during 
the second class observed and in the individual interview) she described herself as a 
"rote learner". Julie also said, "It enforces a real understanding of hands-on issues". 
It is not clear what Julie means by "hands-on issues". This could refer to the 
practical problems of doing the experiment rather than concepts. 
In the context of teaching Cherie and Marcia gave slightly different responses to their 
earlier ones regarding learning through practical work. Cherie mentioned "seeing" 
again but this time in relation to the plausibility of scientific ideas, the notion that 
"seeing is believing" . This perspective perhaps reflects her perception of herself as 
teacher, needing to convince others. 
Referring to children, Marcia sees practical experience as giving them "a real 
understanding, on the base level" which is necessary before they can go on to "more 
complicated things" which involve theory. This suggests she doesn't see "the base 
level" as involving theory, that practical work and theory are somehow separate. 
Perhaps by "the base level" she means the phenomena themselves, which need to be 
experienced before theories about them can be comprehended. 
Julie also gave the impression that she sees a separateness of theory and practical 
work. When asked by the researcher, "Do you enjoy doing practical work?" Julie 
replied, "Oh yes, very much so! More so than the theory, most definitely. "Julie's 
remark "more so than the theory" suggests that for her practical work and theory are 
separate entities. In the individual interview she made this distinction explicitly (See 
Section 4. 3) If practical work and theory are considered separate then students are 
less likely to be thinking about theory while doing activities. This supports the 
interpretation (proposed in Assertion 1 and discussed fully in Assertion 3) that the 
students were not making links with concepts while doing the activities. 
Cassandra did not add anything new but volunteered, "It's helping", and agreed with 
the views of the other three students. 
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The above discussion illustrates how there were individual differences within the 
group perspective of "we learn science through practical work". However, sharing 
this perspective in a general way was important in facilitating collaboration on the 
practical activities. 
4.2.2 Learning science through discussion 
A group perspective regarding learning through discussion can also be demonstrated. 
Several times during the stimulated recall and group interview session the students 
talked about the importance of group discussion for their learning. For example, 
when invited by the researcher to talk about a section of the video of the first practical 
class observed, the following took place: 
I: Is there anything that strikes you about that that 
you'd like to talk about? 
Cherie: I think in discussing something like that I mean, 
Cassandra: It makes it clearer to everyone. 
Cherie: Yeah, exactly. 
Julie: It does. 
Marcia: You have to be, you have to be clear in your mind. 
That's why I think, you know, sometimes you must, 
Cherie: That's why when, when you ask a question we all stop 
and wait ... 
Marcia: Yeah I mean sometimes Cassandra must get really, she 
must think I'm thick. I am! But I mean I have to keep 
asking but if I don't get it clear in my mind, what's the 
good of writing down all the things that she writes ... 
Julie: That's right . 
. Marcia: .. .if she writes them and I just copy them down. If I 
have no idea what I'm writing, what's the good of that? 
Julie (simultaneously with Marcia above): 
126 
You're not going to understand it. 
All four students agreed on the importance of discussion for learning. Cherie began 
to explain this and Cassandra completed the sentence. Julie agreed. Marcia continued 
with the same theme. 
Interestingly Julie said, referring to discussion, "It really embeds it in our minds." 
At other times (mentioned earlier) she refers to how she learns by rote, so the value 
of discussion appears to have this second purpose of helping her to remember, besides 
clarifying her ideas. 
The following section of transcript was spontaneous discussion amongst the students 
while viewing part of the video of the first practical class observed. 
Cherie (laughing): 
Now we argue over the mass, and the kilo. 
(Julie laughs with Cherie.) 
Julie: We're a very argumentative lot aren't we? We won't accept 
anybody else's, that's it. 
Cherie: Yeah I know. 
Julie: Which is good. 
Julie stated here the value of argument in sorting out their ideas. 
Soon after this Julie commented on an interaction with the teacher: 
Julie: 
Marcia: 
See we even question the teacher! 
Bloody hell! 
They were conscious of their independent approach and keenness to discuss or argue 
things out. 
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Not long after the above talk the researcher asked them to talk about what was 
happening in the part of the practical class they had been watching on the video. Julie 
began to say what they were doing but this quickly became a discussion about a 
problem of units that they had not resolved. This incident demonstrated their 
willingness to discuss (even though the class was over) and the importance they 
attached to working things out and constructing their own understanding. 
The following extract from the group interview elucidates how they discuss and' how 
Cassandra is "involved" in the discussion even though she rarely contributes. 
Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
We argue with each other ... 
Yes 
... you know. 
Yeah 
I mean I don't know what other groups are like, and I 
mean even, even though we've got (smiling and 
gesturing towards Cassandra) a quiet person over there, 
she's still able to stand up and say, "Look no it's point 
one of a gram Cherie. I don't care what you're saying, 
it's point one of a gram and I'll prove it to you and this 
is how we do it. " 
Julie (while Cherie is talking above): 
Marcia: 
We still involve her. 
See if we couldn't work as an interaction group. like 
that - If I, yes if I was working in a group where, these 
people really knew what they were doing, which they 
do, but they were very dominant in what they were 
doing, they would just do it, write down their results 
and they would go home and they would understand 
what they'd done but, 
Cassandra: Yes, just, (some inaudible words) 
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Julie: 
Marcia: 
I: 
Marcia: 
Julie: 
Marcia: 
Cherie: 
Julie: 
Marcia: 
I: 
Marcia: 
I: 
Sit back in the background, yeah (?) 
I would have absolutely no understanding. You'd just 
stay, stay on the same level. You wouldn't urn, you 
know, if they're not prepared to answer your questions 
and work as a group then you would never, never catch 
up. 
Right 
And I think some of the other groups are working like 
that you know. We're, and it's not that er, the fault of 
one person in particular, it's the fault of the whole 
group. Somebody's not strong enough to stand up and 
say, "Listen, I don't bloody understand (the others 
laugh), you've gotta tell me! If they're not prepared to, 
to stand up and, and, you know, assert their rights, 
You've got to feel comfortable with the people you work 
(with) too. 
to get an answer and you let the other people drift off. 
But then a lot of other people aren't quite prepared to 
take the time to tell you either, because they assume, 
well, you know, we had to learn it so you have to learn 
it. That's your problem. 
And that's the same if we're having difficulties in our 
group. If we can't come to a compromise then, hand 
goes up,(names the teachers). 
Yeah 
We'll grab, somebody! 
What about you Cassandra. You're very quiet. Is that 
We intimidate her! (They all laugh.) 
No, are you thinking about everything that's being 
said, or how are you -
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Cassandra: Yes. I just listen and take everything in and then ... 
Marcia: Good girl! 
Cassandra: ... come up with my own solution. If I agree I don't 
often say much but if I disagree I'll say something. 
Here the students gave a clear picture of themselves as a group and how they 
interacted. Cherie started by saying "We argue with each other" and both she and 
Julie stressed that they were all involved by specifically mentioning Cassandra who 
was usually very quiet. Marcia stated the importance of willingness to ask and 
answer questions. She and Julie mentioned group dynamics, Marcia referring to the 
need to be strong enough to ask questions (which she also sees as a right) and Julie 
mentioning the importance of feeling comfortable with other group members. Cherie 
explained how they seek outside help from a teacher or "somebody" when they cannot 
come to "a compromise". She doesn't say "agreement", suggesting an awareness of 
how views naturally diverge. 
This awareness of themselves as a group with a common view, revealed in the above 
discussion, supports the interpretation of the influence of a group perspective .. With 
respect to Wood's criteria (discussed earlier in Section 4.2) for establishing a group 
perspective, four of the five conditions were met: the conversation in the first extract 
was volunteered in response to the researcher's open-ended question and all four 
members of the group stated the same viewpoint; the group initiated discussion of an 
unresolved matter during the stimulated recall session and discussed almost 
continuously throughout the practical classes videotaped, thus corroborating their 
stated beliefs in the importance of discussion. As explained earlier (in Section 4.2), 
the setting in which the students views were stated was naturalistic. The group's 
commitment to learning through discussion was not validated with the students, thus 
the fifth condition was not met. Despite this it is proposed that a group perspective 
regarding the importance of discussion is demonstrated with a high level of 
confidence. 
130 
In this assertion it has been proposed with supporting evidence that the students in 
this group held a group perspective regarding the usefulness of practical work for 
learning science, and the importance of group discusssion. These shared views were 
considered a vital factor in facilitating collaboration on the tasks. 
In Assertion 3 which follows, the focus of the students' attention during the practical 
classes is considered. This forms a key part of the analysis since it addresses what 
the students' collaboration achieved. 
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4.3 ASSERTION 3 
During the practical classes student attention focussed strongly on the task at 
hand and the phenomena being observed but was not directed to the concepts or 
models involved in scientific explanations of the phenomena. 
In this study science concepts were taken to be main ideas of scientific theory. In the 
first practical class these main ideas were phase changes (evaporation and 
sublimation), density, mass, weight, and pressure (see Appendix A) and in the second 
class, sound waves and their parameters (see Appendix B). In both classes the 
particle model of matter was to be applied where appropriate to explain observations. 
Since the main aim of the practical work was "to illustrate concepts" it is of major 
significance that the students observed were not involved in thinking about these 
concepts, particularly the particle model, during the practical classes. Rather, their 
attention appeared to be focussed mainly on working out what to do and how to do 
it and also on the phenomena they were observing. Whilst it was essential for the 
students to pay attention to these aspects, there was little point in this if links were 
not made with scientific ideas used to explain the phenomena. 
Evidence of attention to the main concepts of the activities, listed above, was sought 
in the form of explicit reference to these concepts in the group's interactions, in their 
practical reports and in what the students themselves said about their learning of 
concepts in the group and individual interviews. The kind of reference sought was 
not necessarily the use of the specific scientific terms (such as phase change, 
evaporation, sublimation, mass, weight, pressure, and so forth) but included any talk 
about the substance of these concepts. 
Evidence from each of these data sources will be discussed separately in the following 
three sections. 
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4.3.1 Group interactions 
In the transcripts of the group's interactions during practical work there were a few 
instances of students relating observations to concepts, and on one occasion some 
whole group discussion about particle theory in relation to sound. However the main 
science concepts the activities were designed to illustrate were not usually the focus 
of the group's attention. It is possible that they were making mental links with 
concepts but verbalisation of such links was rare. As discussed earlier in Section 
3.4.3, recent information processing theory suggests that the content of short term 
memory is used in verbalisation and this provides clues as to what information from 
long term memory and/or the environment is being accessed. According to this view 
little verbalisation about concepts can be interpreted as scant attention being paid to 
them. 
There were several occasions when the teacher initiated the discussion of the relevant 
concepts with the group. What is of interest here, however, are those instances 
where the students themselves spoke of concepts, since most of their time was spent 
working independently of the teacher. All of the occasions where concepts. were 
mentioned explicitly by the students are given in the following extracts. 
In the sublimation activity (see Appendix A) Marcia asked the teacher, "Is, is the dry 
ice sort of dissolving in the air all the time?". She was obviously concerning herself 
with the nature of the phase change occurring. Although she was told by the teacher 
that the solid changes directly to gas she was confused by the water vapour 
surrounding the ice and persisted in trying to understand by asking, "But if that water 
vapour keeps coming off why does not that piece of dry ice get smaller? Why doesn't 
it, you know, sort of evaporate or whatever?" 
Later in the activity she showed that she had understood the phase change of 
sublimation because she noticed that there was liquid in the bottle where they had put 
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a piece of dry ice. She said, "There's liquid in there too. Where did the liquid come 
from?" Her question suggests that she knew that it could not come from the dry ice. 
Later in this activity Cassandra asked Julie what was happening to the solid dry ice 
in the bottle: 
Cassandra: That's a liquid in there isn't it? (pointing to the coke 
bottle which Julie is holding and has been watching for 
some time) 
Julie: Yes. No, no not liquid it's a solid then it's going to a 
gas. 
Cassandra: That's like vapour isn't it, sort of? 
Julie: Yeah 
Later Cherie, referring to the dry ice in the bottle, said "It should be producing gas", 
suggesting that she too had grasped the concept of sublimation. 
During the second activity in this class, involving measuring the weights of a series 
of masses (see Appendix A) the concepts of mass and weight were not discussed, but 
Cherie referred in passing to the concept of weight: 
Cherie: Okay, (now looking at the spring balance scale) which 
equals two point five Newtons. That's the force that's 
being applied on that, the weight. 
The following extract from the second practical class was the only occasion of 
extended discussion of concepts. It occurred in response to a question in the 
laboratory manual. All four students were involved in applying the particle model 
to explain the speed of sound waves in different media: 
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Julie: What's, Cassandra, the third one, "Why does 
sound travel at different speeds?" 
Cassandra: 
Julie: 
Cassandra: 
Cherie: 
Julie: 
Cassandra: 
Julie: 
It goes quicker in solids because the particles are closer 
together. 
Yes 
Because the particles, are closer together. 
I thought it had something to do with the waves 
(moving her hand up and down vertically) ... 
No, it's g-
Yeah, they're, the waves move quicker ... 
No it's got speeds (pointing to Cherie's lab manual 
which had a table of the velocities of sound in different 
media) 
Cassandra: ... when the particles are together, closer 
Cherie: Right. So ... 
Marcia: Why? 
Cherie: .. .in solids ... 
Cassandra (to Marcia): 
Well, if, you have a sound wave and the particles are 
together, close together, it's going to pass more 
quickly, because it hits one particle ... 
Marcia: 
Cassandra: 
Marcia: 
Cassandra: 
And vib-, and it's ... 
Yeah 
... got something to bounce off ... 
Yep, very quickly. 
Marcia: ... to bounce onto the next one. 
Cassandra: To bounce into others 
Marcia: Okay 
Cherie: And, and in sol-, in liquids it's slower. 
Cassandra: That's right. And gases even slower. 
Cherie (writing): 
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Right, so liquids slower, because the particles ... 
Cassandra: If you look on ... 
Cherie: ... are all over the place aren't they? 
Cassandra: Yeah if you look on this page here (she leans over to 
show Cherie a page in her lab manual) it says it all 
there too. 
Cherie: 
Marcia: 
Cherie: 
Cassandra: 
Cherie: 
Cassandra: 
Marcia: 
Yeah, but (a few words inaudible) to know that. 
Okay so it goes quicker in solids, because (writing)the 
particles are closer together. 
Yes, and (to Cassandra) particles in liquids are all over 
the place aren't they? 
Yeah 
And in gases ... 
And in gases they're just, like ... 
So it's got, like it's bounding off everything and has 
nowhere to ... 
Cherie: Hang on, it's ... 
Cassandra: far apart in gases 
Cherie to Cassandra: 
Is liquids further apart and gases just all over the place? 
Marcia: Yes, yes! 
(Cassandra nods.) 
Cherie: Okay. (writing) Particles further apart. 
Interestingly Marcia, the mature aged student who had done no science previously 
was the one who most often tried to make links between what they were doing and 
the relevant concepts. It is significant that on not one occasion did the others extend 
on her efforts. 
In the mass/weight activity (See Appendix A) when they were working out the 
quantitative relationship between mass and weight Marcia raised a question which 
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directly addressed one of the main concepts the activity was concerned with, that of 
pressure. 
Marcia: What would that have to do with pressure? 
Cherie: Well pressure's little urn, rule, is force over area. 
As on other occasions Cherie described the concept in quantitative terms. This may 
be one factor influencing why conceptual discussion rarely occurred, since a rule or 
formula tends to be a closed response. 
During the first phase change activity (See Appendix A) Marcia tried to raise the 
question of what their measurements actually meant: 
Cherie: 
Julie: 
Cherie: 
Marcia: 
Cherie: 
Now we've got to try and work out.. (pause while she 
looks back to the laboratory manual) 
Yes (laughing gently) 
Well that's what I'm thinking we're trying to work out. 
We're trying to work out. .. 
... what that means (emphasis added) 
Yeah what it actually means. So point four of 
a gram of liquid butane gas ... 
Marcia: ... equals 200 centimetres squared, cubed of ... 
Cherie: ... butane gas ... 
Julie (simultaneously with Cherie): 
... gas butane gas. 
Marcia: So now we know that what do we do with it? 
Cherie (simultaneously with Marcia): 
That's a liquid, that's a gas (gesturing 
towards lighter and cylinder 
respectively). 
Julie: Of gas butane gas, not liquid butane gas. 
137 
Cherie: 
Julie: 
Cherie: 
Yeah, that's a liquid there, right (pointing to lighter) 
and that was point four of a gram, 
Yep 
... and that's the gas (pointing to the cylinder) ... and that 
equals 200 centimetres cubed. 
Although Cherie appeared to share Marcia's interest in meaning, and was aware of 
the change of state from liquid to gas, she carried on considering measurements rather 
than the significance of them. This interpretation of Marcia's concern with meaning 
is supported by the fact that during the stimulated recall session Marcia raised this 
concern again. 
Marcia: 
Julie: 
Marcia: 
Cherie: 
Marcia: 
Cherie: 
Marcia: 
Cherie: 
Julie: 
Marcia: 
Cassandra: 
I don't think anybody ever actually worked what we 
actually had to find out. Once we knew the quantity of 
butane gas that it took to make those 200 centimetres 
square, cubed, bits o' gas, 
Yeah well, we ... 
What were we s'posed to do with it then? 
Yeah that's what Marcia's ... 
Record it and that's it, finished!? 
... question was. 
Yeah. That was, that's really all we had to do with it 
wasn't it? And it really didn't say, and I don't, I don't 
s'pose we did ever find out what we were s'posed to do 
with it. We worked out in the end, that's all they 
wanted to know. 
No 
Just to record it. 
Just record it and finish wasn't it. We didn't really 
have to do anything with it did we? 
For part C I think you had to find the density of butane gas. 
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Cherie (nodding): 
Yes 
The schoolleavers, Cherie and Cassandra, again answered Marcia's concern with 
meaning with a procedural answer, that is, that the measurements were needed to 
calculate density later on. For the second time Marcia's question was not interpreted 
in relation to concepts. 
In the group interview Marcia was the only student who mentioned phase changes 
when asked about the purpose of the activities in the first practical class. She also 
mentioned some of the relevant features of the activity: 
I: Right. And Marcia, what did you see as the purpose of the 
practical work? 
Marcia: 
Purpose of the prac (thoughtfully). Well the purpose of the prac with 
the gas and the dry ice in the bottle was to let us, to give us an 
understanding of the, of the difference in the weight of carbon dioxide 
as a solid and carbon dioxide as a, as a, gas form, that it was exactly 
the same weight. So the relationship between the weights of those, 
and the same with the relationship between the gas from the butane 
and the liquid butane, to see the difference in the weight there, 
although well you couldn't, we didn't weigh the, the gas. The 
difference in the, in the volume that it took. I mean you could see that 
this much urn, (holding her fingers apart to indicate a distance) gas 
butane, butane gas, took that much space and we'd really only used 
that much (indicates a much smaller distance between two fingers) 
liquid butane to make it. So a relationship between quantities of the 
same type of thing in one form as composed, as opposed to another 
form. 
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In the sound activity where "slinkies" were used to model sound waves (See 
Appendix B), Marcia also tried to relate her observations to the concept of a sound 
wave, as shown in the following extract from the practical class video transcript: 
Marcia: So these are sound waves, 
Julie (reading): 
Marcia: 
"So, bunch several coils as shown below. " 
Righto I'll take this (taking up one end of the 
slinky), you take up there and bunch (Cherie 
takes the other end and extends the slinky 
saying, "You take a bunch".) 
It's kind of just like airwaves but you take it back to 
sound waves. 
Ch~rie to Cassandra (who reaches over to hold one end of the slinky): 
Julie: 
Marcia: 
You take a bunch like this. That's it. 
(Cassandra holds the end with some of the coils 
bunched together at the end. Cherie keeps her 
fingers on the slinky near Cassandra's hand, 
holding the bunched coils back towards the end 
Cassandra is holding.) 
Now what do we have to do? 
Release the bunched coils. 
Here, I'll hold there. (Marcia goes to hold the coils at 
one end but Cherie doesn't take her hand away.) 
Here Marcia twice tried to relate what they were doing to the concept of sound waves 
but both times she was ignored by the others, who carried on with the procedure. 
Marcia did not persist. As discussed in Section 4.1.4.2, Marcia was also the 
principal raiser of new questions. Despite her efforts, in the group interview, when 
asked which concepts she understood through doing the practical work that day, she 
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declared: "I don't understand any of them!" She failed the end of semester 
examination, which was a distressing experience for her since (as she told the 
researcher in tears the same day) she could not understand the questions. Marcia 
referred to her problem with language in the stimulated recall session. Had she 
understood the concepts but not learnt the language? Julie also talked about the 
language required in examinations in her individual interview. The role of language 
in these students' learning of science will be explored in later analysis of this data 
beyond this thesis. 
It is possible that experience of practical work in school science has led the school 
leavers to see concepts in quantitative rather than qualitative terms. They are perhaps 
not accustomed to talking about concepts and so are unable to engage in this kind of 
discussion in response to Marcia's conceptually-focussed questions. In the individual 
interview Cherie explained how she first grasps concepts mathematically and only 
later comes to a fuller understanding of them. 
On one occasion Marcia and Julie challenged Cherie's reliance on formulae and rules: 
Marcia: 
Cherie: 
Marcia: 
Is mass always on the top? 
Yeah 
Why? 
Cherie: Always, cos that's the rule. 
Marcia (laughing): 
Cherie: 
Cos they said so! 
That's right cos that's the rule. Density is mass over 
volume. 
Julie (laughing): 
Cherie: 
And are you going to accept what they 
say? 
Pardon? Well (smiling) do you intend ... 
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Julie (smiling): 
Cherie: 
Julie: 
Cherie: 
Was that read in a textbook was it? 
No, it's just ... 
Confirmed in a textbook 
That's the rule. Like you know how when you're 
finding something ... 
Marcia (simultaneously with Cherie above): 
Cherie: 
That's, that's one of those science, 
when law-
... when you're wanting to find out what three apples 
plus two apples is, you have to, you have to use 'add', 
you have to use the plus sign. That's exactly the same 
as finding density. 
Julie (simultaneously with Cherie above): 
That's the, that's the urn, what do you call it (to 
Cassandra), the rules, in the textbook? 
Cassandra: Laws 
Julie: Yeah, principles. 
Marcia: Right, okay, that sounds fair. We agree. 
On another occasion, in the stimulated recall session, Julie asked Cherie a question 
about a procedure. Both Cherie and Cassandra gave her an (incorrect) explanation 
in terms of getting the right answer rather than one based on correct understanding. 
This referred to completing a table of results showing measurements of mass and 
weight for a series of metal discs. Julie could see that the units used did not matter 
but Cherie and Cassandra insisted that they did in some absolute way, based only on 
the need to get the "right" result for the ratio of mass to weight measurements. This 
was misleading to Julie. The following extract gives their conversation. 
142 
Julie to Cherie: 
Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
Julie: 
Cherie: 
Why do you say it's easier to relate them in kilograms 
when you look at the-
Because a thousand grams equals a kilogram. 
No, when you looked at that diagram that we did, we 
just labelled it. 
Hang on. 
Would it make any difference whether it'd be 
labelled gram or kilogram? 
There is a big difference. 
I know there is in weight ... 
Yeah 
.. when we think about it. And we know the 
feel of a kilogram and the feel of a gram. 
So well it's ... 
But we were writing it down on paper. 
Yeah but if we'd put it in grams, we couldn't see the, 
that there's ... 
But we did. 
No. No let me finish. That there was ten. D'you 
understand how, d'you know how we got ten all at the 
end? 
Marcia & Julie: 
Yes 
Cherie: We wouldn't have got ten if we'd put it all in grams. 
Cassandra: You've got to have it in Newtons per kilogram so that's why 
you've got to change it. 
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4.3.2 Practical reports 
The students' practical reports were the second data source examined for evidence of 
attention to the concepts the activities were intended to illustrate. The students' 
reports (all four were almost identical) reported aim, materials, method and 
measurements. In quantitative terms the students used concepts correctly but ignored 
almost all of the qualitative questions asked in the laboratory manual. 
For example (see Appendix C), in the activity of observing the liquid to gas phase 
change using a butane cigarette lighter, they simply recorded measurements of mass 
of liquid and volume of gas and calculated the density of the butane gas collected. 
The qualitative questions asked at the beginning and end of the laboratory notes (five 
altogether) were largely ignored (one student answered a few of them). They 
reported the sublimation of dry ice similarly, adding a single sentence "reflection", 
stating that "the weight of solid is the same as the weight of the gas". 
Nowhere in their practical reports was there any discussion of the phase change 
processes at a particle level, or record of observations of features of the phenomena 
which were significant in relation to understanding or illustrating the nature of phase 
changes. The purpose of the teacher's four conceptually related questions was 
presumably to direct the students to these qualitative aspects of phase changes. 
This lack of concern with the qualitative understanding of concepts is hardly 
surprising since this kind of report writing is the traditional way of school science. 
It is significant, however, because the main aim of the practical work was to illustrate 
concepts and to achieve this goal students need to be thinking about concepts, models 
and theories. 
The teacher's initial instructions to the class and the teacher-directed class discussion 
halfway through the activities focussed mainly on measurement and where to find and 
how to use certain pieces of equipment. One would thus expect procedures and 
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measurements to be the main concern of the students and this to be reflected in their 
reports. 
4.3.3 What the students said 
What the students said in the individual and group interviews provided further 
evidence that the focus of their attention during the practical classes was not concepts 
or models. 
In the individual interviews all four students agreed that they did not focus on 
understanding concepts during the practical classes. The reason they all gave for this 
was time pressure. For example: 
Interviewer: 
So what about during the prac, do you think that you 
were thinking about the concepts at all during the prac? 
Marcia: 
There just wasn't enough time to stop andanalyse one 
little thing because if you did, then you could get oh, 
you know, there was so much to do in each prac that if 
you stopped and worked out exactly what every one 
was about, then you wouldn't get through. I mean, I 
don't think there was ever a prac where we actually got 
everything done. 
Cherie's view was similar to Marcia's: 
Interviewer: 
Cherie: 
Were you thinking, also thinking about the concept 
during the prac or did you tend to leave it till later? 
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Leave it till later. Our main focus was just getting 
through and trying to get the results and then 
afterwards you know, like you know we didn't have a 
lot of time in the tutes to get through all the pracs and 
to understand the concepts straight there and then so all 
we did was we tried to get through the pracs and get 
the results and then we went away afterwards and 
discussed what our results were and why we got those 
results and how it all worked and fitted together. 
Cassandra and Julie made similar statements. Interestingly, Cherie and Julie did not 
want more time to think about concepts during the practical class. Cherie felt that 
time to think about it at leisure after the class was important for her. Julie said she 
liked to "concentrate on experimenting, getting our hands into the nitty gritty". As 
suggested earlier (in the discussion of Assertion 2), Julie considered practical work 
and theory to be separate, saying in her interview: 
We can worry about the theory side (later), you know to us, concepts, 
that's theory. You got the prac and you got the theory ... in that lab 
was all the prac ... after we finish the prac then we go back. It must 
prove our theory. It must prove an understanding of the concept. The 
concept must be related to the prac in some way, form or matter. 
Marcia liked the idea of more time to think while she was doing the practical work 
but also agreed with the others about the importance of thinking about things 
afterwards. 
Also in the group interview the students mentioned time pressure as a reason for their 
lack of thinking about what was happening: 
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I: 
Marcia: 
I: 
Marcia: 
Julie: 
Cassandra: 
Julie: 
Do you think some of your understanding 
comes in that session that you have after the 
prac? 
Definitely, mine does! (They all nod.) 
More than during the prac? 
Yeah, because during the prac I find that everything's, 
everything's happening too quickly for me to take 
everything in. 
It's rushing. You're under pressure. 
And when you're writing afterwards you have time to think 
about what you were actually writing. 
Yeah, the pressure's gone. 
In the group interview the students described what they did in their group discussion 
immediately after the class: 
I: 
Marcia: 
Cherie: 
Marcia: 
Cherie: 
Marcia: 
So what do you actually do in that session? 
We spend about an hour writing up our lab books 
and ... 
Yeah we spend an hour and then if there's any 
questions like I mean we spent ... 
Yes 
... an hour. We spent two hours up there (in the 
library). We went from ten till twelve. And the first 
hour, or forty five minutes was just writing everything 
down and asking Cassandra whereabouts the notes 
fitted in. 
See Cassandra writes the notes in her form and then 
she, again, doesn't even copy them straight from that 
into her lab book. She elaborates when she goes into 
her lab book. And so we take it from her notes and we 
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Cherie: 
Julie: 
Marcia: 
I: 
Cherie: 
Marcia: 
put it into our lab book. And if she's written 
something that I don't understand why she's written it 
then she'll explain it to me. Sometimes it's because 
she's written the notation and then changed her mind or 
we've changed it as a consensus, so she's crossed that 
out. But it, you don't, I don't always understand if it's 
a level, a step level going from one notation to another, 
or whether it was one that wasn't meant to be there. 
So she'll explain why she's written that and then we'll 
write our own form of lab notes from there. 
And then we, cos I always go away at night, or 
something like that and do my own reflections of it. 
Yeah 
Mm 
What do you mean by that exactly, reflections? 
Well what I got out of it, like what conclusions I came 
to, with the relationships. I don't know whether 
they're right or wrong but they're my own observations 
and, if I didn't understand something I'd put the 
question down and put a question mark next to it and 
see if, you know, I remember the next time, or, 
whatever, to ask somebody about it. Or at our next 
science thing I'll just run back and say "Does anybody 
know what this means?" and if they do they explain it 
to me. And if they don't then it's something that we 
have to ask the teacher. (Pause) But my reflections are 
usually only a couple of lines. 
See we have three hours between that lab session and 
our maths lecture, so we sort of try to spend that two 
hours doing our lab and then having lunch, because 
otherwise, if you go away and try and do it tomorrow, 
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or the next day, it's very difficult to remember what's 
happened ... 
(Julie & Cassandra murmur agreement.) 
Marcia: ... and why it's happened. 
This description of what they did seems to focus on the results results during and 
after the practical class. Even Cherie's reflections are "well what I got out of it, like 
what conclusions I came to, with the relationships". Since no qualitative relationships 
were discussed in the report this appears to be a fairly clear statement of her 
quantitative focus. None of the group disputed Cherie's description, inferring that 
it was a true account. 
Marcia said that they each constructed their "own form of lab notes" but what they 
presented to the teacher was four almost identical accounts which contained only 
methods, measurements and results. Thus there was no evidence in their practical 
reports of discussion of the concepts or models related to the phenomena of the 
activities. 
In the above discussion of this assertion it has been demonstrated that there was little 
evidence in the group's interactions, their practical reports, or what they said, that 
they were engaged during the practical class in thinking about the concepts and 
models which provide scientific explanations of the phenomena they were observing. 
However, as discussed in some detail in Assertion 2 (Section 4.2), the students shared 
a strong common belief in their ability to learn through doing practical work. This 
situation raises questions about what students see as learning science and the role of 
practical work in their construction of understanding. These and other issues arising 
from the data analysis are discussed in the next chapter. 
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4.4 Summary 
In this chapter an interpretation of the data has been presented in the form of three 
assertions with supporting evidence. In summary, it was demonstrated firstly that 
during the practical class the students worked collaboratively and were successful in 
constructing an understanding of their tasks. With the addition of three further 
behaviours, Barnes and Todd's (1977) model of collaborative behaviour proved useful 
in analysing the group interactions. Secondly, it was demonstrated that the students 
in this group held a group perspective about learning science through practical work 
and through discusssion, which may have contributed to their success in 
collaboration. Finally, it was shown that during the practical class and in subsequent 
group discussion and the writing of practical reports the students' attention was not 
directed towards the scientific concepts or models that the activities were intended to 
exemplify, but rather they focussed on the phenomena and the task at hand. 
In the next chapter these findings are discussed in relation to the research literature 
and some of the questions raised by the findings are also considered. 
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CHAPTER FIVE 
DISCUSSION 
5.0 Introduction 
The aim of this study was to explore the interactions of a group of students carrying 
out practical activities in science. To provide a focus for the exploration three 
research questions (stated in Chapter 1) were formulated, concerning whether the 
students were learning the science concepts the activities were designed to illustrate 
and how such learning might be occurring. 
In this chapter the findings of the study will be discussed in relation to these three 
research questions and to the research literatures of practical science and group work. 
Implications for science education, particularly the role of laboratory work, will also 
be considered. 
The discussion will be structured around the three research questions but on occasions 
the discussion will extend into consideration of related issues. The three research 
questions will be used as headings. Since each question relates to one or more of the 
assertions proposed in the analysis chapter the assertions will be restated where 
appropriate in this chapter. 
5.1 Were the students learning science concepts through doing the laboratory 
work? 
Part of the answer to this first research question is stated in Assertion 3: 
During the practical classes student attention focused strongly on the 
task at hand and the phenomena being observed but was not directed 
151 
to the concepts or models involved in scientific explanations of the 
phenomena. 
Thus, this study concluded that during the practical work the students' attention was 
not focussed on the science concepts or models intended to be illustrated by the 
activities. This supports Lehman's (1990) finding that students doing chemistry 
experiments were cognitively engaged with procedural matters most of the time and 
very little with data analysis. But the students claimed unanimously that they learnt 
science through practical work so this raised a further question: 
5.1.1 Did the students learn concepts from the laboratory work after the class? 
Given that the students believed that they learnt science best through practical work 
(as demonstrated in the discussion of Assertion 2, Section 4.2) it was of interest to 
look for other evidence of this process out of class time. 
This group of students regularly met together after the practical classes and spent up 
to two hours writing their practical reports and discussing any questions of concern 
to any of them. It is possible that their focus on concepts occurred during this time. 
Interest in this possibility led to the videotaping of one of these sessions. It was not 
fruitful regarding this question because the students spent the entire time resolving 
difficulties they were having with graphing, so it threw little light on their learning 
of concepts related to the laboratory work. 
Cherie and Marcia's description in the group interview of what they usually did in 
this post-practical session (quoted in Section 4.3.3) suggests that discussion was 
related more to the results themselves than their connections with concepts. This 
interpretation is supported by Cassandra's statements in the individual interview: 
When we went to the library to work in actually writing it up we could 
all talk together about, and discuss what we were actually doing and 
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the results and, it helped us to understand it a lot more, what we were 
doing too. 
However, on three occasions in the individual interviews there was reference to 
discussing ideas and concepts. The first extract is from Cassandra's interview, when 
she was asked by the researcher if her understanding of the science concepts 
illustrated by the practical activities was an individual process, a group process or a 
combination of the two. 
Interviewer: With that understanding that you worked out, did you 
see it as an individual or group process or a 
combination? 
Cassandra: A combination I think. I mean I think it helped me to 
understand it more myself but then as a group we could like, 
share our ideas and just enrich our ideas of the concepts and 
things. 
In her interview Julie referred to discussion of the particle theory: 
The particle theory, we all had our own interpretations of that, which 
we got out of different books and each book was a little bit different, 
slight difference. 
And later in the interview Julie made explicit reference to the linking of concepts with 
experiments: 
We go in there, get our fingers into the experiment, then afterwards 
go to the library and say okay, this concept, whatever it may be, and 
we can say, "Oh that was in the experiment. Remember when you did 
this Julie and that happened and whatever, oh yes well that's what 
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they're saying, that there's a-", so therefore every time we say that or 
know that, we know that that is that one word, that's the concept. 
Thus there is some evidence that the group discussed concepts as well as results and 
procedures in their session after the class. 
Interestingly, in her individual interview Marcia suggested that her understanding of 
concepts came more slowly, over a period of months: 
Actually it wasn't even, it wasn't even so much just in that one hour 
that we used to spend together after the prac, it was really when we 
were studying for the exam and we spent sort of three weeks solid, six 
hours a day, urn that's where it all, you know like, a couple of times 
Cherie said, "All of a sudden the penny dropped!" 
This suggests that the process of conceptual change requires time or as Nussbaum 
(1989) reported, is "evolutionary" rather than "revolutionary". One consequence of 
this is that studies looking for immediate effects of any particular teaching approach 
such as laboratory work are less likely to detect significant changes in understanding. 
It also helps to make sense of the apparent inconsistency between the students' 
enthusiastic commitment to learning through practical work and the lack of evidence 
of the process of conceptual change in the time frame of this study. 
5.1.2 Why didn't the students attend to concepts during the class? 
The above discussion showing that the students discussed concepts and models after 
the class raises the question of why the students were not attending to concepts and 
models during the practical class. It is not difficult to find reasons and these will now 
be considered. The students in both the group and individual interviews gave lack 
of time as their reason. For example in the individual interview Marcia said: 
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There just wasn't enough time to stop and analyse one little thing 
because if you did, then you could get, oh, you know there was so 
much to do in each prac that if you stopped and worked out exactly 
what every one was about, then you wouldn't get through, I mean I 
don't think there was ever a prac where we actually got everything 
done. 
And Cherie: 
Our main focus was just getting through and trying to get the results 
and then afterwards you know, like you know we didn't have a lot of 
time in the tutes to get through all the pracs and to understand the 
concepts straight there and then so all we did was we tried to get 
through the pracs and get the results and then we went away 
afterwards and discussed what our results were and why we got those 
results and how it all worked and fitted together. 
While time pressure was undoubtedly the principal influence on the students' 
behaviour it is proposed that other factors were also at work and these will now be 
discussed. 
Firstly, the traditional implementation of laboratory work in school science involves 
certain teacher behaviours which are understandable in management terms but which 
work against focussing on ideas and concepts. While some reference to concepts was 
made during the teacher's instructions, the main emphasis in directing students to the 
task was towards locating and using equipment and carrying out procedures. 
Attention was not drawn to the links between activities and concepts and the 
importance of using scientific ideas to explain observations. Teacher-directed class 
discussion after the activities compared measurements rather than connecting 
observations with ideas. One would expect this teacher focus to be reflected in the 
students' behaviour, even, or perhaps more so, in a highly motivated group such as 
the one observed. 
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Strong evidence in support of this interpretion can be seen in Marcia's response in her 
interview to the question, "What do you feel you are expected to do in a science 
prac?". Her view is particularly significant since she had done no school science 
previously, so her conception of this practical work was not influenced by prior 
school experience. 
I think they wanted you to sort of evaluate and measure things, and 
come out with a conclusion, whether it was right or wrong they 
weren't really interested. They just wanted you to come out with 
some sort of a conclusion and then evaluate how you got it and 
whether it worked. And they wanted you to think of how much 
organisation went into doing something and how much precision went 
into doing something. You only have to be a little bit out on anything, 
whether it's a measurement on quantities of something or 
temperatures, you only have to be out a little bit to make the whole 
experiment have a different conclusion. So I think that was sort of, 
the aim behind, the theory behind the pracs, plus I guess the whole 
idea was to keep us still interested, otherwise we wouldn't keep 
coming back. 
Marcia's interpretation of the goals of the practical work suggests the routine goals 
that Hegarty-Hazel (1990) described as being the main concern of tertiary science 
teachers in laboratories and which Denny and Chennell (1986) also reported at 
secondary level. This tendency towards a skills emphasis rather than the learning of 
concepts or scientific enquiry was also reported by Henry (1975). Thus over almost 
twenty years little may have changed. Interestingly in this case the subject outline 
stated that the goal of the laboratory work was to give the students an opportunity to 
explore the nature of a number of concepts. 
A second factor proposed here as influencing student engagement with concepts 
during practical activities is the traditional reporting of practical work in a structured, 
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formal manner, with more attention to methods and results than discussion of the 
implications or meaning of observations. The final conclusion usually takes the form 
of a positive statement about completing the aim, given in the first place by the 
· teacher. Thus it is possible for students to write reports "successfully", and be seen 
as "achieving", without really thinking about anything that happened during the 
activities. Thus the way students expect to write their practical reports is an influence 
on how they perform their tasks. 
As mentioned in the literature review, Sutton (1989) pointed out that this traditional 
format of report writing also perpetuates an outdated inductivist image of science with 
its assumption that observation is theory-free. In the case of students' learning (from 
the constructivist viewpoint), this kind of writing means that prior knowledge is 
ignored and active involvement in learning is thus less likely. 
A third factor of significance could be the cognitive overload suggested by Johnstone 
and Letton (1989) and described in Section 2.3.1.3. They proposed that simply 
carrying out a practical task overloads the working memory, making it less likely that 
further cognitive tasks such as thinking about concepts would be possible. 
A fourth factor likely to influence attention to concepts during practical work is the 
structure of the tasks. As occurs with most school science (Tobin, 1990) the tasks 
in this study were verification exercises. That the students were aware of this and 
consequently limited their cognitive engagement is clearly illustrated in this extract 
from Cherie's interview: 
We didn't really worry about them (the concepts) too much during the 
prac. Except for what (the teacher) and them have said to begin with, 
you know, this is what you'll be doing and we're hoping this is what 
you'll find from it. And you take that in and you thought oh great, 
okay, well we're trying to get this sort of end result, let's go. 
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Thus in addition to the lack of time proposed by the students as responsible for their 
lack of focus on concepts during practical work, these four factors are also proposed 
to have been influential. Considering the students' belief about learning science 
through practical work and assuming that their "learning science" means learning 
concepts, the following question arises and will be discussed here. 
5.1.3 What exactly was the contribution of laboratory work to the students' 
learning? 
Two possibilities are suggested. White (1991) proposed that understanding of science 
concepts depends on a variety of kinds of knowledge, including propositions, 
intellectual skills, cognitive strategies, strings, motor skills, images and episodes. A 
high level of understanding of a concept would involve all of these kinds of 
knowledge, in differing degrees for different individuals but with a reasonable 
balance, integrated into a coherent whole. Practical work can be rich in "episodes". 
These are recollections of events. In themselves they are not significant but when 
linked with propositional knowledge they can form part of concept understanding. 
In the group studied some of the students' statements suggested that images and 
episodes may have been how practical work helped their learning. For example 
Marcia said "I don't learn anything unless I can see it." Seeing may give her images 
of events which she recollects when considering propositions in the form of scientific 
explanations. Julie said, when asked what the role of practical work was, that "It 
embeds it in your head", again suggesting that an image is retained and perhaps used 
in understanding. 
Strong evidence lies in the following extract from Julie's interview. This could be 
interpreted as a description of the linking of propositional knowledge (statement of 
a concept) with an image or episode: 
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Julie: We can say, "Oh that was in that experiment. 
Remember when you did this Julie and that happened 
and whatever, oh yes well that's what they're saying, 
that there's a-", so therefore every time we say that or 
know that, we know that that is that one word, that's 
the concept. 
Interviewer: 
Right. So it gives you a picture? 
Julie: Yeah, mental picture, yes. Yes, we have to have concrete 
material to go with the concept. 
Solomon (1988) drew attention to this "connecting concept with perception" as an 
important role for experiment in science education. 
Cherie was aware that her concept understanding came first in quantitative, 
mathematical terms: 
Once I got the maths bit, because the maths for me was the easiest bit, 
then I could focus on the other terms and, concepts and that, and get 
through. It was like a road to getting there. 
But she also spoke of needing the practical work, "the concrete stuff". Both Julie's 
and Cherie's descriptions of their learning lend support to White's model of 
understanding concepts as an integration of different forms of knowledge - in their 
cases images, episodes, propositions and mathematical relationships. 
A second way in which practical work may have contributed to their understanding 
is in the building of tacit knowledge of phenomena. This means developing a "feel" 
for natural phenomena, which Woolnough and Allsop (1985) pointed out is what a 
scientist builds up over many years and upon which much scientific speculation and 
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theory is based. Students may find propositional knowledge much easier to accept 
if they have some experience of phenomena to build on or to relate it to. 
During most of the activities these students clearly showed their fascination with the 
phenomena they were observing. This fascination was the basis for much of their 
enjoyment of the practical work and it spilled over into the stimulated recall session, 
where they spontaneously began talking about the phenomena and how they could be 
shown to primary students. 
Julie suggested this aspect of the practical work in her learning when she said in her 
interview: 
We wanted to concentrate on experimenting, getting our hands into the 
nitty gritty. 
Thus although the students did not focus on concepts during the practical class, they 
did discuss them later and their practical experiences appeared to have played a 
significant role in their conceptual change, through providing images, episodes and 
experiences of phenomena. The second research question will now be considered. 
5.2 To what extent was the students' learning of concepts a group process? 
Solomon (1987) suggested that "the social and personal elements in the construction 
of meaning, however different they may be, are indissolubly complementary" (p. 64). 
This makes describing the processes of meaning construction an almost impossible 
task and certainly makes it less possible to separate out the group construction of 
understanding which was of interest in this study. 
The whole-hearted use of collaboration by the students (described in Section 4.1) 
suggests that the carrying out of their tasks was facilitated by group processes. In 
order to explore how much of their concept learning, which occurred at some time 
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after the practical class, was attributable to group processes the students were asked 
this question specifically in their individual interviews. 
All four students considered their learning to be a combination of individual and 
group processes. Marcia said that the group part was essential for "moral support" 
and for discussion. Julie said: 
It was a bit of both. We all did it individually and then we came 
together. It became a group thing and we could say, "Well I 
interpreted it this way, and they'd say, "Well I interpreted it that 
way." And so between all of us doing that, we came up with the one, 
and then if we still weren't sure that that was right, then we'd go and 
double check. 
Cherie gave a description almost identical to Julie's, and Cassandra described the 
group experience as a chance to "share our ideas and enrich our ideas of the 
concepts". The students' descriptions tend to support Solomon's view (above) of the 
inseparability of individual and social processes of constructing understanding. 
However as Solomon also pointed out, social interaction employs different ways of 
constructing meaning from individual construction. These different ways include 
supportive behaviours. Thus this study was able at least to explore some of these 
more overt aspects of the social construction process and these are discussed in the 
following section. The broader influences of the wider culture and its language on 
the social construction of understanding have not been considered in this study. 
Evidence of the influence of the culture of "school science" on the group was noted 
but is not discussed here. 
The discussion so far has addressed the first two research questions of this study. 
The third research question is now considered. 
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5.3 If the students were behaving collaboratively constructing their 
understanding, what specific behaviours were involved in this process? 
Assertion 1 relates to this question. It was concluded that: 
During the practical class the students worked collaboratively and 
were successful in constructing an understanding of the tasks. 
The students' behaviours were examined in the light of the collaborative learning (or 
social construction of understanding) model developed by Barnes and Todd (1977) 
which, with the addition of three behaviours, was found to be applicable to science 
laboratory work. This model claims that certain discourse moves and social skills are 
necessary in a group if the students are to work together to construct understanding. 
These behaviours are believed to support the collaborative use of cognitive strategies. 
Barnes and Todd's three main categories of behaviour (discourse moves, social skills 
and cognitive strategies) are now discussed in relation to the literature. In some 
sections discussion extends to related issues, which are indicated by subheadings. 
5.3.1 Discourse moves 
Barnes and Todd (1977) described in detail the particular kinds of conversational 
behaviours, or discourse moves, involved in sustained discussion. This study 
demonstrated that these students doing science practical work were using these 
behaviours: eliciting information or support, extending on each other's ideas and 
qualifying each other's statements. Thus they were capable of elaboration within the 
group setting. Elaboration is an important process which has been shown to be 
connected with learning (Webb, 1989; Hollabaugh & Heller, 1993; Carter & Jones, 
1994; Roth & Roychoudhury, 1992). 
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However in this group, discussion sustained by these discourse moves was directed 
towards the task and the phenomena, and usually lasted only for short periods of 
time. If the students' concern had been with concepts no doubt lengthier discussion 
would have occurred because they did possess the necessary discourse skills. This 
view would suggest that the extent of elaboration in the group was connected to the 
students' perception of the nature of the task, in this case as a carrying out of 
procedures only during class time. One would not expect students to elaborate to any 
great extent if the task structure does not ensure that concepts must be considered and 
cognitive strategies used. In verification activities students can be "successful" if they 
complete the procedures, record their measurements and write their reports, which 
traditionally do not involve discussion of concepts. 
Webb (1989) noted that the link between task structure and the incidence of high and 
low level elaboration had not been investigated. In a more recent review of group 
work studies, Cohen (1994) did not report any more recent research into this link but 
showed that studies have demonstrated a link between task structure and the amount 
of interaction. 
5.3.1.1 Amount of interaction 
Some tasks performed in groups are not strictly group tasks and so a small amount 
of helping interaction is often all that is needed for success. A greater amount of 
interaction is necessary for success when there is an open-ended problem which is a 
pure group task (Cohen, 1994). A pure group task is one which could not be 
completed successfully by an individual. 
Interestingly, in this group doing practical work there was a large amount of 
interaction directed at the procedures and the phenomena being observed (the group 
was chosen because of its high level of verbal interactions). The task was a group 
task in the sense that it would have been physically difficult for the students to carry 
out the activities alone in the time given but it was not open-ended. Given Cohen's 
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(1994) view, this suggests that for these students the practical activities felt like open-
ended problems, that is, they felt that they did not know what it was that they had to 
do. In the way they usually constructed the question as they went along (discussed 
in Section 4.1.3.1) this would seem to be true. This phenomenon was also described 
by Tobin (1986) in secondary school laboratories and Hegarty-Hazel (1990) at tertiary 
level. 
In relation to concept learning the task was not a true group task. There was no 
necessity for the students to talk about concepts. It was possible for each of them to 
submit an acceptable practical report without any discussion of ideas. Thus although 
the aim of the activities was concept learning, the task was not structured in such a 
way that discussion of concepts necessarily had to take place. Neither was class time 
allowed for this. Consistent with Cohen's (1994) view, only a small amount of 
interaction about concepts took place during the class. However, because of their 
commitment to learning through discussion the students made concept learning a 
group task outside of the laboratory. 
Although the amount of interaction is not necessarily correlated with learning (Cohen, 
1994) the large amount of interaction regarding the procedures in this case did result 
in successful completion of the tasks. 
5.3.2 Social skills 
Tobin (1986) reported on the social agenda of adolescent students doing school 
laboratory work. Much of the students' social interactions were off-task. On the 
other hand the present study demonstrates social interactions involving supportive 
behaviours and ways of dealing with competition or conflict. These kinds of 
interaction allow the possibility of the sharing of ideas and subsequent learning and 
so they need to occur if group work is to be effective. 
Earlier studies of group work in science have included some social behaviours in their 
descriptions of group processes but they have been limited in the number of 
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behaviours they considered. For example, Hollabaugh and Heller (1993) mentioned 
supportive behaviours only and Barden and Pugh (1993) omitted them, considering 
only task distribution and disagreement resolution. This study explored three main 
categories of social behaviour: controlling and monitoring progress through the task, 
supportive behaviour and dealing with competition and conflict. It gave examples of 
seven kinds of supportive behaviour, two of these having been added in the course 
of this study. A further social skill, negotiating consensus regarding observations, 
was also added, drawing attention to the need to identify additional skills connected 
with laboratory work. This complements Barden and Pugh's (1993) study in which 
they drew attention to student strategies specific to laboratory work. 
Science teachers are well aware of dysfunctional groups in their classes, and students 
have more freedom during practical classes to indulge their off-task agendas. Salomon 
and Globerson (1989) described many counter-productive behaviours. If we are to 
improve the effectiveness of practical work, whatever its goals, we need to consider 
the social aspects of group work, particularly counter-productive behaviours. Many 
researchers into cooperative learning generally and in science classes particularly 
(Lazarowitz et al., 1984; Basili & Sanford, 1991) have suggested that students need 
to be taught the social skills of group work. This study outlines in detail what these 
skills are in the laboratory context. 
5.3.3. Cognitive strategies 
In this study five cognitive strategies described by Barnes and Todd (1977) 
(constructing the question, raising new questions, forming hypotheses, using evidence 
and recreating experience) were sought in the students' interactions. In other group 
studies in science different cognitive behaviours were the focus of attention. For 
example, Hollabaugh and Heller (1993) looked at categories of argument, Barden and 
Pugh (1993) at integration, calculations and task completion, and Kempa and Ayob 
(1991) classified cognitive interactions into "describer", "explainer" and "insight" 
levels. 
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Although Barnes and Todd's categories of cognitive strategies were formulated during 
non-practical work and non-science discussion they seem particularly appropriate for 
laboratory work since they include the main skills of scientific investigation: raising 
new questions, forming hypotheses and using evidence. Thus this model of 
collaborative behaviour is an appropriate one for investigating group work in science 
laboratories. 
In this study the students showed that they were capable of each of the cognitive 
strategies but they did not use them to any great extent. It has been suggested here 
that the nature of the tasks, verification exercises, did not require the use of such 
skills. Thus the tasks would need to be changed if we require students to develop 
their scientific enquiry skills. In the 1960s many science curricula claimed to express 
a spirit of enquiry but, as noted by Henry (1975), Tobin (1990) and Hegarty-Hazel 
(1990), verification exercises have prevailed. This study provides more recent 
evidence of this, despite calls in the research literature for the use of laboratory work 
to develop higher level skills such as problem solving (Woolnough & Allsop, 1985) 
and scientific thinking (Kuhn, 1993). 
In her recent review of research into group work Cohen (1994) linked type of 
interaction with task, suggesting that different kinds of tasks require different kinds 
of interactions. While it is clear that problem solving and scientific enquiry tasks 
would require interactions involving the raising of questions, forming of hypotheses 
and using or evidence, Cohen also reported that for conceptual learning effective 
interaction should be more of a mutual exchange process in which ideas, hypotheses, 
strategies and speculations are shared. Thus if laboratory work is to facilitate 
conceptual understanding, as it was intended to in the classes observed, tasks need to 
be structured in such a way as to ensure that interactions are not limited to focus on 
procedures. 
As a way of achieving this, Lehman (1990) called for more focus on the stage of data 
analysis and Roth (1990) demonstrated the benefits of this. Roth showed how 
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allowing sufficient time and the use of collaborative, constructivist approaches to data 
analysis led to intuitive understanding of mathematical concepts and to many fruitful 
discussions about the nature of physical laws and their limitations. He suggested that 
"classroom contexts that are meaningful and purposeful encourage risk-taking and 
reflective criticism" (p. 20), a far cry from what we see in traditional laboratory 
classes. Much of the purpose and meaning in his classes arose from the students 
being allowed to design their own experiments and procedures on teacher-set 
questions. 
Hollabaugh and Heller (1992) used "context-rich" problems designed to have much 
in common with real world problems as alternative (non-practical) tasks for their 
physics students. They found that context-rich problems "forced the groups to 
discuss physics issues while practising effective problem solving techniques ... the 
students had to pool their knowledge of the actual behaviour of objects and the 
physics concepts and principles" (p. 639). 
Constructivist approaches which allow time for and encourage both group and whole 
class discussion of the science concepts that activities are designed to illustrate are 
other ways to encourage focus on concepts rather than procedures. Such approaches 
have now been developed (Osborne & Freyberg, 1985; Driver & Oldham, 1986). The 
use of reflective writing instead of formal practical reports has also been shown to be 
a useful way of encouraging students to engage cognitively with concepts and to 
clarify their own ideas and understanding (Christensen, 1995). Constructivist 
approaches and reflective writing may also contribute to improved self-confidence and 
attitude to science, since in these methods value is given to the the students' own 
ideas and opinions, which is not traditionally the case. 
5.3.3.1 Raising new questions 
The cognitive strategy of raising new questions observed in this study deserves 
further mention because it relates specifically to earlier research into group processes, 
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particularly that reported by Webb (1989) and King (1989, 1991). King (1989) 
documented naturally occurring verbal interactions among students during problem 
solving and found that students who spontaneously asked the most questions of each 
other were also the ones who solved the problem successfully. In the group studied 
here, the two mature aged students, Marcia and Julie, raised new questions, and the 
school leavers rarely did. Marcia raised by far the most new questions, but 
understanding did not usually follow conceptually related questions because in most 
cases (illustrated in Section 4.3.2) the responses to her questions were closed. Often 
a formula was given in the place of explanation or further discussion. This 
occurrence of inappropriate responses supports the fmdings of Webb (1989) that "the 
group's response to a student's behaviour is the most critical predictor of his or her 
learning" (p. 36) and thus a "student's learning cannot be understood in isolation from 
the group context" (p. 36). 
Although elaboration of responses was not observed during class time, in the 
individual interviews both schoolleavers reported that their own understanding was 
improved by explaining to the mature aged students. This supports Webb's (1989) 
finding of the link between elaboration and learning. The fact that this elaboration 
was not observed during class time underlines the effect that the task structure had 
on these students 1 classroom behaviour. They were capable of and willing to 
elaborate regarding concepts but did not do this during the practical class. 
It is interesting that the schoolleavers almost never raised new questions. This may 
have been because they were focussing on carrying out procedures which they 
considered unquestionable or because it was simply not part of their experience of 
school science and was not demanded of them here. Linn and Burbules (1993) noted 
the limitations of students 1 discourse strategies, suggesting that the two kinds of 
discourse most commonly used (the teacher/textbook style involving the assertion of 
ideas based on authority and the everyday style, based on peer pressure) are not 
productive with regard to learning. 
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King (1991) trained students in using generic problem solving questions and asking 
for and giving explanations. She found that this resulted in higher problem solving 
achievement when compared with natural discussion with its spontaneous questioning 
and explaining. Her research and the findings of this study suggest that group 
processes in science practical work could benefit from specific teaching of productive 
interaction styles. 
5.4 Motivation 
It has been demonstrated that the students in the group studied possessed all of the 
collaborative skills described in Barnes and Todd's (1977) model. However, 
possessing skills alone does not guarantee that they will be used. It is claimed in 
Assertion 2 that: 
The four students in this group shared a group perspective, a strongly-
held, shared commitment to learning science through practical work 
and to learning through discussion. This group perspective was 
considered to be a significant factor contributing to the students' 
success in collaboration. 
Without this shared view the students may not have used their collaborative skills 
while doing their practical work. A considerable amount of emotional energy and 
patience is needed to work with others. It is not likely that the students would have 
invested their energies in relating to others in the group if they had not considered 
this to be worthwhile. 
This finding draws attention to the role of motivation in learning science through 
practical work. Researchers in science education (Woolnough & Allsop, 1985; 
Tobin, 1986; Hodson, 1990) have reported that many students are not motivated by 
practical work, although many teachers use it as a motivational strategy. Some 
students' lack of motivation may be because they do not learn from practical work or 
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because they do not like working in groups. Listening to the students themselves 
about their feelings towards practical work, how much they consider they learn from 
it, and how they feel about group work would provide rich data towards better 
understanding the processes of group laboratory work. 
Earlier it was suggested that the teaching of collaborative skills and cognitive 
strategies could promote changes in laboratory behaviour and thus improve the 
learning of science concepts through practical activities. Student motivation would 
also need to be addressed to make it likely that newly-acquired skills would be used 
by students. Woolnough and Allsop (1985) claimed that more able students find 
many practical activities boring, thus the nature of tasks may affect motivation. The 
nature of tasks was also shown earlier to influence the amount and nature of group 
interactions. Thus on two counts the kind of laboratory tasks we give students 
appears to be a major factor influencing their behaviour and warrants further 
research. 
5.5 Summary 
In this chapter the major findings of the study have been discussed in relation to the 
aim of the study, its research questions, and the research literatures of science 
practical work and group work. Some implications of the findings for how laboratory 
work is used in science education and for future research have been considered. 
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CHAPTER SIX 
CONCLUSIONS 
6.0 Introduction 
This study analysed the interactions of a highly motivated group of students while 
they were involved in traditional science practical laboratory work designed to 
illustrate science concepts. The group interactions were analysed using a model of 
collaboration which included certain discourse moves and social skills together 
considered necessary to support the use of cognitive strategies for learning. These 
group processes were described and the effectiveness of the practical work in 
achieving its aim was examined. 
Science practical work was investigated because reviewers of research in science 
education have suggested that the effectiveness of practical work for teaching science 
concepts needs further study. Group processes were explored because reviewers of 
science education research and group work research have suggested that further 
investigation is needed in order to clarify what kinds of interactions and tasks 
promote learning in groups. 
6.1 Findings 
The major finding of this study was that during class time the students collaborated 
successfully on carrying out their practical tasks. They displayed specific behaviours 
which were adequately described by an extended version of Barnes and Todd's (1977) 
model of the social construction of understanding. Thus it was demonstrated that 
these students possessed the discourse, social and cognitive skills necessary for 
collaborative learning. They used these skills to carry out their tasks successfully. 
However, an equally important finding of this study was that they did not use these 
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skills during class time to engage with the science concepts that the practical activities 
were intended to illustrate. Yet, as also established in the study, they were a highly 
motivated group with a strong, shared commitment to learning through practical work 
and through discussion. 
These findings raised questions about why such a group was not actively engaged 
with science concepts during their laboratory work, since this was its primary goal. 
The students identified lack of time as their main barrier to effective engagement with 
concepts. The requirement to "cover content", usually large amounts in a short time, 
is part of the traditional implementation of science courses, including practical 
activities. However, it was proposed that other, equally important aspects of 
traditional implementation were also responsible for the failure of this laboratory 
work to achieve its aims. These included teacher emphasis on procedures and 
measurements, the nature of formal practical reports and the structure of verification 
tasks. 
Given the students' strong belief that they do learn science through practical work its 
role in their learning was examined further. It was proposed that practical experience 
provided them with "images" and "episodes" which, according to a model proposed 
by White (1991), are integrated with other forms of knowledge to produce conceptual 
understanding. Gaining an understanding or "feel for phenomena" (Woolnough & 
Allsop, 1985) could also have helped provide a context for thinking about concepts. 
Group discussion after the practical class played an important role for these students 
in developing their conceptual understanding, much of which occurred in an 
evolutionary way over the whole semester. According to anecdotal evidence from 
many students in this class, such after-class discussion, however, is rare. It is not 
therefore a common means by which students generally make sense of their practical 
work. 
Thus the findings of this study support earlier studies reviewed (Shulman & Tamir, 
1973; flofstein & Lunetta, 1982; Driver, 1983; Friedler & Tamir, 1984a; Novak & 
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Gowin, 1984; Tobin, 1986; Hodson, 1988; Hegarty-Hazel, 1990) which questioned 
the effectiveness of traditional science laboratory work for the learning of science 
concepts. 
6.2 Implications 
New approaches to laboratory work have been suggested (JVoolnough & Allsop, 
1985; Millar, 1987; Roth, 1990) and open-ended inquiry has long been advocated as 
an improvement to traditional practice (Roth, 1995). 
However, since verification activities are firmly established in science education, it 
may also be useful to explore ways that the implementation of these can be improved 
to increase student engagement with concepts. Teachers could focus students' 
attention more on concepts than procedures and measurements. One way to do this 
is to promote discussion about explanations of observations rather than data 
collection. A second approach is to encourage students to think about their data by 
allowing a more reflective form of practical report, which has been shown to be 
beneficial to many students in a variety of ways (Christensen, 1995). The teaching 
of collaborative learning skills may also improve the outcomes of verification 
exercises. Although the cognitive strategies of forming hypotheses and using 
evidence are rarely called upon in verification exercises, the asking of questions is 
appropriate and has been linked to learning (King, 1989, 1991). How students 
respond to others' questions is also vital to learning (JVebb, 1989) and can also be 
taught. 
It may also be the case that practical work is not the best way to teach concepts. 
Woolnough and Allsop (1985) stressed the role of language in student sense-making 
and suggested that a variety of approaches using small group and whole class 
discussion would be a more effective way to engage students with theoretical ideas. 
Constructivist approaches which also do this have now been developed (Osborne & 
Freyberg, 1985; Driver & Oldham, 1986). 
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6.3 Further research 
As suggested by earlier researchers in science education (White & Tisher, 1986; 
Tobin, 1990) more understanding is needed of the group processes of students doing 
science laboratory work. As demonstrated in this study, Barnes and Todd's (1977) 
model of collaboration provides a useful framework for analysing group interactions 
in the science laboratory and the degree to which students are collaborating. Such 
research would provide a better understanding of the group construction of 
understanding and establish the degree to which students need to be taught 
collaborative skills. 
Further research is needed into the extent and nature of concept learning arising from 
practical work. If the findings of this study are replicated on a larger scale, serious 
questions must continue to be raised about the role of practical work in science 
education. How practical work may contribute to the understanding of science 
concepts is also an area of interest.· As noted earlier White's (1991) model 
incorporating "images" and "episodes" provides a beginning in this area. 
The influence of task structure on the nature of discourse, on student engagement and 
on concept learning could also be explored in the context of science laboratory work. 
Cohen (1994) has reported that in research into group work the effect of task 
structure on group interactions has rarely been examined. 
6.4 Methodological considerations 
The qualitative approach adopted in this study revealed group processes and student 
attitudes and concerns. This contrasts with earlier studies which compared the 
laboratory method with other classroom methods (Hofstein & Lunetta, 1982) and 
provided few insights into the actual nature of student behaviour in laboratories. 
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The use of stimulated recall in the study was effective in achieving its initial purpose 
of providing data for triangulation regarding specific incidents during the classes. 
More useful, however, was much of the spontaneous discussion which occurred 
between the students in reacting to the videotape of themselves. This discussion 
revealed many unexpected insights into the group's social dynamics and ways of 
working. Also, on several occasions also the students initiated discussion amongst 
themselves of issues which had been unresolved during the practical class. This 
suggests that in addition to research purposes, stimulated recall could be used to 
engage students in further reflection. 
Hofstein and Lunetta (1982) attributed the conflicting outcomes of earlier studies into 
the effectiveness of practical work to weaknesses of design. The main limitation of 
this study lay in its use of verbal data to examine the degree of focus on concepts. 
Schoenfeld (1985) has pointed out that issues of reliability in relation to verbal data 
are as yet unresolved. In groups particularly, many factors influence the amount and 
nature of students' talk (Basili & Sanford, 1991). However, all four students 
separately in the individual interviews supported the interpretations outlined in the 
three assertions. Hence the main findings of this study are stated with a high degree 
of confidence. 
This study has contributed to furthering our understanding of group processes and the 
learning of science concepts through laboratory work. It is clear that much more 
research is needed to explore the significance of laboratory work in understanding 
science concepts and the role of experiment in science education. 
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LABORATORY SESSION 3 
3.1 THE EFFECT OF HEAT ON MA TIER (CONTD.) 
TIIERE MUST BE 
NO NAKED FLAME 
INTIIELAB 
FOR THIS ACTIVITY 
Solid objects are clearly matter. What about liquids and gases? Can you demonstrate the 
relationships between solids, liquids and gases and draw some general conclusions about 
this relationship e.g 'Yhat changes might occur when a liquid such as butane evaporates? 
Aim: [Read through the experiment to examine the phenomena being tested and try 
writing your own aim] 
a. Phase change: liquid to gas 
If a liquid is allowed to evaporate what happens to the bulk of the material? 
A butane cigarette lighter provides an ideal source of a liquid which evaporates 
readily at room temperature when open to. the atmosphere. The boiling point of 
butane is 0.6°C. Using a technique that you may be familiar with from Year 10 
chemistry you are able to collect the liberated gas by passing it into an inverted 
measuring cylinder full of water. The gas will displace an equal volume of water. 
You require: 
a cigarette lighter, tube, balance, water bath or trough, 500cm3 
measuring cylinder, retort stand and clamps. 
Are you able to discover the amount of butane gas produced from a given mass 
(or volume) of liquid butane? Now devise and carry out the experiment to 
answer this question. Stop the experiment when you have collected 200cm3 of 
butane gas. 
b. When heated, do all solids melt? 
Using dry ice (solid carbon dioxide) a similar relationship between mass of a 
solid and the volume of gas produced can be established. 
All you need for this experiment is: 
a plastic bottle, stopper, balance, dry ice, beaker. 
• Slightly crush the plastic bottle. 
• Add approximately 2g of dry ice and fmnly stopper. Immediately record the 
mass of bottle plus contents. Allow the carbon dioxide solid to change to carbon 
dioxide gas. Obtain a second reading for the mass of bottle plus contents. Is 
there any change in mass? 
c. Do you have enough information to calculate the densities of carbon dioxide gas 
and butane gas? Attempt the respective calculations and show your working. 
Answer the following questions about activity 3.1. 
Where is the heat coming from to cause the phase changes observed butaneo) to 
butane(g) and carbon dioxide(s) to carbon dioxide(g)· 
Both activities are exemplars of changes occurring in closed systems. Is there any 
loss of mass (or matter) in those systems?. 
You have a closed system terrarium and the plants are thriving and growing. Is 
there any change in the amount of matter contained in this closed system? 
Explain the phase changes in terms of particle theory. Use diagrams to enhance 
your explanation. 
Have you ever seen a solid change directly in a gas before? 
Find out the special name assigned to this particular phase change. 
3.2 PRESSURE AND ITS EFFECTS 
In activity 2.2c you examined the effect of heat on gases. You observed the volume of 
gas in the flask respond to variations in the temperature. In that activity you were also 
detecting some observable effects of pressure due to matter i.e. a gas. 
All forms of matter exert pressure. What is pressure? In order to answer this question 
firstly examine pressure due to solid matter. Reference can be made to the force (or 
push) you might apply to an object in order to move it What pressure would you ~ 
applying to that object? 
Aim: 
To observe and account for pressure effects in all forms of matter. 
a. Mass and weight 
Our best understanding of pressure and its effects will occur if we can clearly 
distinguish between mass and weight of matter. 
Use a Newton spring balance to measure the weight of at least four different 
masses. Record your data in a table similar to the one below. 
Mass Weight Value of 
(kg) (newtons) weight/mass 
(newtons/kg) 
0.4 
0.8 
1.0 
1.5 
What do you observe about the value of weight divided by mass, e.g. is it a 
constant (within experimental error)? What is this value better known as? 
Now fmd out the relevant units for pressure. 
b. Pressure exerted by solid matter. 
b.l A regular solid 
Take one of the regular shaped blocks used in Activity 1.2.a. Measure its mass 
and calculate its weight How can you calculate the area over which the weight 
(force) is acting? 
Determine the pressure exerted by the regular solid on the surface of your work 
table. 
Use P = F/ A to calculate your answer. 
b.2 An irregular solid 
Measure the pressure exerted by your body (standing on two feet) on the earth's 
surface. Hint: you have all the required data at your fingertips i.e. you can 
readily measure your r,yass (bathroom scales), hence your weight and the area on 
which you stand (in m) 
APPENDIXB 
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LABORATORY SESSION 7 
WAVES, SOUND AND HEARING 
In this section we shall provide a summary of the nature of waves and sound. 
Sound is a rorm or energy. 
A key contribution to tho understanding of sound and its properties comes from an examination of waves and how they ar 
produced. 
WAVES 
(a) What is a wave? 
A wave is motion of a disturbance that travels at a definite speed. 
Waves can be classified as: 
• Mechanical waves: 
• Electromagnetic waves 
(b) Observing waves 
Practical examples or 
mechanical waves 
What do we observe? 
require a medium to travel through 
do not require a medium to travel through. 
(See laboratory session on Light. Optics and Perception for a fuller discussion.) 
Drop stone into a pool. Watch the ripples 
move away from the point of entry of the pebble. 
flip stretched rope which is fixed at the opposite end. 
Watch ocean waves approaching a headland or beach 
• disturbance travels through the water or rope. 
• energy transferred as the wave moves. No transfer of mass. 
• medium returns to undisturbed state after waves pass. 
What else should we note? 
• 
• 
• 
• 
In order to produce a wave there must be a source of disturbance or an oscillator) . 
There must be a medium that can be disturbed in order that mechanical waves can travel from the source . 
Matter experiences an oscillatory displacement from equilibrium as the wave passes . 
Forces acting on and between adjacent particles comprising the substance ( or medium) cause disturbance to move at 
defmite speed. 
SCIENCE FOUNDATIONS 
(c) Mechanical wave types: 
There are two types of mechanical waves. 
(i) Transverse waves: 
Displacement of medium is perpendicular to direction of wave travel 
e.g. stretched rope. 
DISPLACEMENT 
OF 
MEDIUM 1 
(ii) Longitudinal (or compression) waves: 
WAVE TRAVEL 
') 
< > 
DISPLACeMENT OF MEDIUM 
Displacement of medium is parallel to direction of wave travel e.g. 
sound waves; one form of earthquake wave 
~. Properties of waves: 
WAVE TRAVEL 
,. 
Speed (v) distance covered by wave in a fued period of time, e.g. m/sec. 
Wavelength (A.) 
trough 
Frequency (f) 
oscillator 
the 
distance over which the wave form repeats itself (or distance between simila 
points on successive waves. Each wave has upward crest and downward 
(unit- metres). 
-number of complete waves that pass a fued point in each second. The 
(or source of disturbance) has a frequency too. The number of vibrations of 
oscillator is the same as the frequency of the wave. (Unit -hertz, Hz). 
Amplitude 
e.g. 
AMPliTUDE 
maximum distance that disturbance rises as each part of the wave moves b: 
There is a relationship between the speed of a wave, its wavelength and its frequency. The relationship is shown below. 
v=f.'A I 
(e) Some wave phenomena: 
Reflection -
Refraction -
When wave reaches end of transmitting medium part or all of the wave is 
reflected, e.g. waves of rope reflect off fixed end. 
Slowing down or speeding up of a wave as it passes from one region of a 
medium to another causes bending of the wave, e.g. a wave moving from 
deep to shallow water. 
SOUND 
(a) 
• 
• 
• 
(b) 
What is sound? 
Sound is produced by a vibrating source (an oscillator). Sound is caused by vibrating matter 
Sound travels out from the source as longitudinal (or compression) waves . 
Sound travels through matter (solids, liquids and gases) but not through a vacuum . 
· How can, we describe the movement of sound through matter, e.g. air? 
The air particles (molecules) are disturbed by the vibrating source e.g. microphone tuning fork. Consider an air 
particle near the tine of a tuning fork. The tine moves toward the air particle momentarily pushing it away. It 
ncounters other particles briefly bunching them together. In this way a condensation spreads out from the source. 
The tine swings back; the particle moves with it allowing the bunched particles to spread out producing a 
rarefaction. Thus, when sound waves are produced, the air particles oscillate about some equilibrium position. 
The condensation and rarefactions spread out from the source, but individual air particles simply vibrate back and 
forth along the direction in which the wave travels [See diagram below]. 
SCif:N<:e FOUNDAnON.S 
\ 
\ , 
\ I 
I 
I 
I 
I 
I 
I 
,q 
.•. \. . .. 
• 'I': •• , ... I~ ~· ••. • • 
,,..,... .. ,. . . 
-->-;.·· • -
p 
6 
...... ,, 
.. ~··, .. . .... . . l1. ., . : 
... ~ ., •' . '."J'·~-- ·. . 
.. -
Q 
c 
·~, ... 1 ~ \' ... 
• J<l• ~ ~ .._. • .I 
-.--,l .. J·~ 
\ L:..r 
·- -r., 
D 
. ·. ~~~~ 
.... f.:~·J 
: .... ~~r~ 
R 
. 
. . 
. . . 
. 
. . 
5 
E 
- CON\PFtE.SSIOtJS 
RECORD OF 
I"RESSURE 
CHANGES 
IN AIR 
P. a. R-, s - RAREFACTiONS 
A plot of pressure in the air along the sound wave is shown in this diagram. 
The air particles move back and forth in hannony with the movement of the tines of the tuning fork shown on the left. 
(c) Sound waves classified: 
• audible waves (within range of sensitivity of the ear)- typically frequency range of 20 Hz to 20 000 Hz. 
• infrasonic - Low frequency waves below audible range. 
• Ultrasonic - high frequency waves above audible range. 
(d) Sound perception: 
Pitch-
Loudness-
when referring to a sound as either high or low you are describing its pitch. 
The higher the frequency of the vibration the higher the pitch of the sound 
(e.g. musical notes). 
when referring to the loudness or softness of a particular sound (or musical 
note) you are observing variations in the amplitude of the sound wave. 
You may wish to consult other reference material to find out about the Doppler effect and how sonic booms are produced. 
Bow waves of ships in water are analogous to sonic booms in air. 
SCIENCE FOUNDATIONS 
(e) The speed of sound: 
The speed of a sound wave depends on the compressibility (an elastic property) and inertia (density) of the 
medium through which the wave is travelling. The speed of sound in some different materials is shown in the 
table below: 
MEDIUM v (m/s) 
GASES 
Air (0°C) 331 
Air (100°C) 366 
Oxygen (0°C) 317 
UQUIDS (at 25°C) 
Water 1493 
Seawater 1533 
SOLIDS 
Aluminium 5100 
Iron 5130 
Steel 4800 
Copper 3560 
You can see that the speed of sound is much higher in solids than in gases. The particles of a solid are much closer 
together than in a gas and hence respond more rapidly to a disturbance. In general, sound travels faster in solids than in 
liquids because liquids are more compressible. The speed of sound also depends on the temperature of the medium. The 
,relationship between temperature and speed for sound in air is: 
v = v0 + T x 0.61 m./s. °C· 
v0 is the speed of sound in air at 0°C (331 m/s) and Tis the temperature in degrees Celsius. The relationship indicates that 
a one degree rise in temperature produces an increase of0.61 m/s in the speed of sound. What is the speed of sound air at 
20°C? 
_Activity 7.1 I 
:Aim To investigate transverse and longitudinal (compression) waves using slinky springs. 
Stretch a slinky spring on the floor between two people. Now one partner can use his/her hand as an oscillatoror source of 
waves. 
t 
{a) Move your hand at right angles to the stretched spring. Observe the waves produced and identify them as either 
transverse or compression waves. 
~Q FollNDAUONS 
Osc• lla+or 
(b) Bunch Several coils as shown below. 
Release the bunched coils. Observe what happens. Identify the wave produced - is it a transverse wave or compression 
wave? 
(c) Attach a lighter spring to the stretched coil you already have. Generate a transverse wave pulse. Examine and drav. 
what happens at the interface between the two springs. What wave phenomena are you observing? 
How does sound travel through matter? 
Sound travels through matter in which wave form? 
Why does sound travel at different speeds through different forms of matter? 
f Activity 7.2 I 
Aim: To measure the velocity of sound from v =f.'A 
To improve accuracy we must realise that a small correction is necessary. 
Wavelength A.= 4 (f+ 0.4d) where (is the length in metres and dis the diameter of the tube in metres. 
Method Set up a tube containing a quantity of water. Insert a column into the tube and adjust its height so that it 
is almost full of water. Using the provided tuning fork and hammer to produce a note, find that height of air in the column 
which produces the loudest sound. This can be detected by moving the fork up and down in the tube at a moderate rate 
while listening for changes in intensity of the sound. It is suggested that you conduct several trials with tuning forks of 
different frequencies. A second position of resonance also occurs if you lengthen the tube too much. This resonance occurs 
at the fJISt overtone. (wavelength A. = 4 (U+ 0.4d)/3). 
Calculate the velocity of sound from your data. using the equation: v = 4({ + 0.4d). 
Q- What change do you expect to find in the velocity of sound in water, air, steel, and vacuum and helium? 
SCIENCE FOUNDATIONS 
I Activity 7.3 I 
Aim 
To qualitatively compare the speed of light and sound. 
Stop watch ready! 
Watch the starting gun. 
Start your watch when you observe the puff of smoke. 
Stop your watch when you hear the sound. 
Record the time. 
Using the speed of sound in air as 330 metres/second. calculate how far away is the starter. 
What does this activity demonstrate about the difference between the speed of light and sound? 
[Activity 7.4 I 
Aim Transmission of sound along a solid medium: The string telegraph. 
The telegraph is constructed of two cans and connecting string. Stretch out the string between two partners. Whisper into 
one of the cans. Can your partner, who is listening at the other end, hear what you say? How might you improve the 
efficiency and clarity of your string telegraph? Use your knowledge of sound and sound energy to explain any 
enhancements you have made.' , 
I Activity 7 .S I 
Aim: To define the parameters which affect the properties of sound. 
Method: In this activity you will use the sonometer to investigate the effect of changes in the diameter of string, 
tension on string and length of string on the frequency of the sound produced. 
Tension is adjusted by the addition of masses at one end of the string. 
Diameter (thickness) can be measured by using a vernier. 
Length of the string can be changed by using a bridge. 
Listen carefully to the pitch of the Sound produced as you pluck the string to investigate: 
(a) The effect of shortening/lengthening the string on the properties of sound; 
(b) The effect of increasing the tension. (You could do this quantitatively by plotting mass against frequency); 
(c) The effect of changing strings (different diameter). 
Remember to identify the manipulated variable and responding variable in each case. Ensure other variables are 
effectively controlled. 
It is interesting to note that the fundamental frequency of a vibrating string is given by: f = -1- X {T 2c vn; 
Where T = tension in Newtons, 
m = mass per unit length, { = length in metres. 
Do your results in activity 7.5 provide qualitative support for this relationship? 
SCIENCE FOUNDATIONS 
~ctivity 7.6 I 
Aim: 
The cathode ray oscilloscope (CRO) enables us to visually observe oscillating signals or waves produced by a signal 
generator. The signals are alternating voltage levels of electrical current. If connected to an amplifier and speaker these 
signals will be converted to sound. Thus the observer can see the wave fonns associated with particular sounds. 
_ Carry out the following tasks using the experimental setup provided. 
(a) Leave the wave fonn setting on sine waves. Note the wavelength of the wave on the CRO screen. 
What happens when you change the frequency setting through the full range? Do your observations 
qualitatively match what you would expect from the relationship i.e v =fl.? 
Explain your response. 
Restore frequency to original setting. 
(b) Repeat the activity for another wave fonn e.g. a square wave. 
(c) Select a setting for the frequency where one full wavelength (for a sine wave) is displayed on 
the CRO screen. Adjust the amplitude setting on the signal generator. How does the wave respond as 
you increase/decrease the amplitude setting? Carefully describe your observations. 
Defme the tenns pitch and amplitude of a musical note. How might variations of pitch and amplitude affect our perception 
of musical output from, for example, a rock band? 
I Activity 7.7 I 
Aim: To examine the biological structure and function of the human ear. 
· Sketch and label the parts of the human ear as represented in the 
anatomical model. 
For further work investigate the anatomy and physiology of the human ear. 
Explain how the energy of the sound wave is transmitted to the nerves of the cochlea. 
Examine the structure of the human vocal chords and find out how sounds are produced, amplified and modified for 
communication. 
Relate your observations and findings to the other activities investigating "sound". 
I 
(Activity 7.8 I 
Aim: To investigate your hearing range. 
Method: A computer program will be available which will produce sounds of low and high pitch and record your 
hearing response. Consult the tutor when you are ready. 
Question: If you see a flash of lightening and 5 seconds later hear the clap of thunder, how far away is the stonn likely to 
be? 
SCIENCE FOUNDATIONS 
Q.l What are mechanical waves? 
Q2. What determines the energy of a wave? 
Q3 What finally happens to the energy of sound waves in open air? 
Q4 What are the relationships among the frequency of a wave, its wavelength, and its velocity? 
QS Differentiate between longitudinal and transverse waves. 
-SCIENce fOUND A noNS 
APPENDIX C 
Sample of students' practical reports 
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